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ABSTRACT 

A  lack  of  comprehensive  up--to-date  textbooks  designed 
specifically  for  use  in  the  computers  in  the  education  field 
motivated  the  dev  *lopment  of  this  resource  handbook.  T^ere  are  major 
sections  entitled:  computers  in  education;  teaching  abput  computers; 
the  computer  as  an  aid  to  learning;  the  computer  as  a  teacher;  tke 
computer  as  a  classroom  management  tool;  administrative  uses  of 
computers;  computing  facilities;  computers  in  special  education; 
computers  in  research;  and  inservice  training.  Each  chapter  begins 
with  an  introductory  overview  and  concludes  with  a  section  of 
abstracts  of  relevant  articles.  There  are  extensive  lists  of 
additional  information  sources,  including  books,  periodicals, 
nonprint  materials,  people,  and  institutions.  (WDR) 


ERLC 


rvi 

o 

VJLff 


Suggested  Price  $10.00 


I  I^JUl  process^  1^  \ 


OOfflllFRS  IM  OTICATlffl  PFSOIRCE  fWEOOK 


0 

fERiC 


Dept.  of  Computer  Science 
University  of  Oregon 
Kuqene,  Oregon  97403 
Copyright  &)  1973 
First  Printing,  Sept.  1973 
f^ocond  Printing  (with  re- 
vlftlonn  and  additions) 
June  1974 


AHIkhihIi  llu*  tichi        froinpu I  nrs   i  rj  Oflucal  ion  luis  \n;ou  ^jrt^wiri'i  nipirlly 
tor  \n,u\\;  ycsirti,    it.  it;  .sM  I  1    in   its   infancy.     (isi  ir-c;  Lai  ly  at  tlic  pii^;!  i  r: 
rif.liof)]    lovol    (fjrailofJ  K-]'A)   little  luis  hoc^n  dono  rclotivo  t/>  what  will  rxr-nr 
in  Uiv  next   two  driMdo.s.     Relativoly  few  pubJic  school  teachers  or  admire- 
istralors  are  cornfor  tab  I     with  comnutors,  little  rjood  curriculum  materials 
f'xist,  and  few  schooLs  have  adequate  plans  for  orderly  exploitation  of 
thoir  <jrowinq  computer  capability. 

Hocauso  of  ^i\e  si^^o  of  the  computers  in  education  field,  and  its 
rapid  growth,   it  is  nearly  impossible  for  one  individual  to  encompass  the 
arec.     The  idea  underlying  this  Handbook  is  that  a  number  of  people,  work- 
ing closely  toqother  and  following  a  coordinated  plan,  can  complete  a  task 
too  larqo  for  a  single  individual.     The  writers  of  tliis  Handbook  are  teach- 
ers and  administrators  who  are  involved  in  studying,  teaching,  and  using 
computers  in  education.     Their  total  knowledge  and  experience  far  exceeds 
that  of  arr/  single  individual.  With  minor  exceptions  the  entire  contents  of 
this  Handbook  wor*^  written  during  Summer,  1973, 

The  ultimate  goal  of  this  Handbook  is  to  im^jrove  thi"  (|uality  of  oduca- 
tion  available  to  studontu.     Tlio  Handbook  itself  contains  some  sections 
directed   just  at  school  administrators,  some  sections  directed  at  teachers, 
and  a  numlu>r  r^f  sections  of  general  interest  to  the  student  of  the  field 
of  comt-'U  ti'i Ml  fducation.     CFiapter  T  gives  a  more  detailed  discussion 
the  pur[Jose  ot    this  Handlmok,  and  contains  ai')Stracts  of  each  section.  It 
151  exi'cctod  that  the  reader  will  use  the  Table  of  Contents  and  Cl^aoter  !  to 
rind  the  sections  of  the  Handbook  he  may  wish  to  study  in  detail.     Most  of 
the  Handl*)Ook  presupposes  some  knov;ledgc  of  the  computer  field.     The  reader 
v/ith  little  or  no  knowledge  of  computers  should  read  Chapter  II  before 
delving  into  subsequent  parts  of  the  book. 

It  is  exoected  that  this  Handbook  will  be  suJ.iS tantially  revised  during 
the  coming  year,  and  probably  republished  during  1974.     Readers  with  sug- 
gestions for  corrections,  additions,  or  deletions  should  contact  David 
MoursuncJ,  Oor^t.  of  Computer  Science,  University  of  Oregon,  Hugeno,  Oregon 

Sentember  1973 

The  first  nrintino  of  the  Handbook  sold  out  '^ooner  than  exoected.  It 
was  therefore  decided  to  do  a  modest  amount  of  revision  and  to  produce  a 
second  edition  sooner  than  originally  planned.    Some  material,  deemed  to  be 
of  lesser  value,  has  been  deleted  in  order  to  allow  the  addition  of  a  sub- 
stantial amount  of  new  material.     Of  particular  interest  is  the  addition 
of  Chanter  9r  Computers  in  Special  Fducation.     Substantial  changes  have 
also  been  made  to  Chapter  3. 

June  1074 
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CH.\P^TKR  I  iNTRtfDUCTTON 
SFICTION  A;     IHu'pose  and  Rationale  of  tho  Handbook 

The  computer  is  an  exceedingly  valuable  tool  in  the  field  of  educa- 
tion;  its  misuse,  however,  xnay  contribute  to  a  decrease  in  the  quality  of 
educaticn  in  the  United  States.     The  computer  will  be  used  properly  or  mis- 
used, depending  primarily  upon  the  knowledqe  teachers  and  school  adminis- 
trators have  in  the  area  of  computers  in  education,     ^he  pur^^ose  of  this 
Handbook  is  to  aid  teachers  and  school  administrators  to  increase  their 
knov/ledqe  and  \mderstanding  of  the  role  and  nature  of  computers  in  edu- 
cation. 

Much  of  the  early  research  and  develoi^ment  work  on  computers  was  car- 
ried out  hy  faculty  members  at  various  universities.     Thus  computers  have 
been  used  in  education  since  their  first  production.     By  and  large,  however, 
computers  liave  entered  most  schools  as  money-savinq  administrative  tools, 
for  processin<y  student  records,  payroll,   etc.     By  the  early  l<)6Q's  a  sig- 
nificant proportion  of  the  larger  collegos  and  universities  were  using  com- 
puters for  administrative  purposes,  and  computer  programming  courses  were 
beginning  to  enter  their  curricula.     The  igeO's  saw  considerable  exf^eri- 
mentation  with  instructional  use  of  computers  at  the  secondary,  and  even 
olom.ontary,  school  levels.     The  computer  as  a  media  device   (computer  ass  is- 
tori  instruction,  computer  aided  learning)   received  widespread  attention. 

The  late  1960 's  and  early  1970 's  saw  the  establishment  of  hundreds  of 
ro.Tiputer  Science  Departments  in  colleges  and  universities,  with  degree  pro- 
grams at  the  associate,  bachelor,  master,  and  doctorate  levels.  The  teach- 
ing of  computer  progranivning  and  the  use  of  con.puters  in  mathematics  courses 
beca:io  comonplace  in  many  secondary  schools.  It  was  also  during  this  tine 
that  some  schools  of  higher  education  began  to  develop  special  programs  of 
sti^lv  for  students  interested  in  the  computers  in  education  field.  For 
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oxair^plo,   the  Lllinois  Institute  of  Technology  and  the  Univorsihy  of  Orcqon 
«vich  cicvoloped  master's  degree  proqrams  in  computer  science  eiucation.  A 
rmmber  of  schools  began  to  offer  special  teacher-oriented  courses  for  pro- 
iititvico  tcachera  and  for  teachers  returning  to  school  for  a  master* r  or 
doctorate  degree. 

The  University  of  Oregon  began  to  offer  courses  specifically  designed 
for  ed\icat ion-oriented  students  during  1971^  and  has  continued  to  do  so  on 
a  regular  basis.     During  1973-74  two  distinct  levels  of  year  long  courses 
will  be  offered.     One  has  no  computer  programming  prerequisite,  and  the 
other  is  a  graduate  seminar  for  students  with  a  good  background  in  both 
computers  and  education.     In  teaching  these  courses  it  has  become  evident 
that  there  is  a  lack  of  up-to-date  textbooks  specifically  designed  to  fit 
the  needs  of  educators.     This  fact  served  as  a  prime  motivation  for  the 
development  of  this  Handbook • 

At  the  current  time   (1973)  the  state  of  Oregon  is  one  of  the  leaders 
in  the  instructional  use  of  computers  at  the  grades  1-12  level*     For  exam- 
pie,  roughls'  half  of  the  secondary  schools  in  the  state,  representing 
rouqhly  3/4  of  the  student  population  at  that  level,  have  access  to  compu- 
ters for  instructional  purposes.     The  MKTCOM  system  in  the  Portland  area, 
tho  crvis  system  in  Wne  County  and  seven  other  counties,  and  the  Rogue  Val- 
ley network  all    provide  tino^sharod  computing  on  Hewlett-Packard  systems. 
A  nun\}:)er  of  other  schools  and/or  school  districts  have  mini  computers. 
Thus,   for  example,  each  of  the  four  high  schools  in  Salem  has  a  mini  compu- 
ter and  also  has  access  to  a  time-shared  system.     Other  modes  of  computer 
access  used  in  Oregon  include  batch  processing  at  school  district  offices, 
computing  by  mail,  time-sharing  on  university  computer  networks,  batch 
processing  on  college  computers,  use  of  computer  time  on  business  computers, 
O       '^nd  use  of  the  Oregon  Museum  of  Science  and  Industry  computing  facilities. 
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A  larqo  numyjcr  of  Oroqon  teachers  havo.  acquired  iiubstantia]  oxnoricnco  in 
tho  instruchional  uno  of  computers  undor  a]  1  kindr*  of  conditions.     ^;omo  of 
the  knov/lodffo  and  experience  thevSe  teachers  h^ve  qained  is  communicated 
hy  this  Handbook. 

This  Handbook  is  not  organized  in  a  "read  i  t  from  cover  to  cover" 
basis.     After  readinq  this  section  you  will  want  to  browse  through  the 
next  few  pages,  which  contain  brief  summaries  of  each  section  of  the  Hand- 
book.    You  may  then  want  to  study  Chapter  II,  which  provides  a  technical 
overview  of  the  computers  in  education  field.     After  that  you  will  probably 
want  to  read  the  sections  and  chapters  that  best  fit  your  interests  and 
needs.     I^y  and  large  each  chapter  (and  indeed,  each  section)   is  indr»pcMvlon i 
<?nd  self  contained.     The  Handbook  was  designed  this  way  in  order  to  allow 
the  collaboration  of  a  number  of  writers  and  to  allow  sections  to  he  up-- 
dated periodically. 
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SECTION  B:     SECTION  SUt^lMARIES 

'Iliis  Section  r:onsist*i  of  a  briof  iuinunary  of  each  soction  of  iho  fland- 
book.     Tt  servos  iis  an  '^iri  dephh"  tabic  of  contents,  and  as  a  partial  rr- 
rilacomont  for  an  index. 

f.A:     Purpose  and  Rationale  of  the  Handbook 

This  Handbook  is  designed  for  teachers  and  school  administrators 
who  want  to  gain  "literacy"  in  the  computers  in  education  field.  The 
writing  and  publication  of  this  Handbook  was  motivated  by  a  lack  of 
comprehensive  up-to-date  textbooks  designed  for  use  in  the  computers 
in  education  field. 

I.B.     Section  Summaries 

This  section  (the  one  you  are  currently  reading)   consists  of 
brief    summaries  of  each  section  of  the  Handbook.     (Vou  have  now  read 
a  summary  of  a  s'jLmmary — are  you  in  an  infinite  recursive  loop?) 


II. A:     Technical  Overview  of  COMPUTERS  IN  EDUCATION 

This  section  gives  a  brief  introduction  to  a  few  of  the  key  tech- 
nical ideas  needed  to  understand  the  field  of  computers  in  education. 
It  defines  hardware  and  software  c-^nd  gives  examples  of  each.     It  do- 
fines  and  discusses  batch  processing  and  time-shared  computing. 

Tl.B:  Glossary 

This  section  gives  a  list  of  somewhat  over  100  terms  which  are 
frerpientlv  used  in  the  computer  field.    A  student  completincr  a 
"comnuter  literacy"  course  should  be  familiar  with  most  of  these 
terms. 


II. Ct     An  Overview  of  Computers  in  Education 

This  rather  long  section  gives  a  good  introduction  to  the  field 
of  computers  in  education.     It  divides  the  field  into  instruct ionaJ 
uses  of  computers  and  administrative  uses  of  computers.     Each  cate- 
gory is  further  subdivided,  to  provide  a  picture  of  all  aspects  of 
computers  in  education,  and  how  those  various  aspects  are  related  to 
each  other. 

II.D:     VVhy  Use  Computers  in  Education? 

Many  schools  are  not  yet  started  in  using  computers  for  admin- 
istrative or  instructional  purposes.     Others  are  making  inadequate 
use  of  the  facilities  they  do  havo.     This  article  suggests  that  com- 
puters should  be  used  for  administrative  purposes  when  they  arc  cost 
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effective*     Similarly,  computer  assisted  instruction  (CAI)  will  corno 
into  the  schools  when  and  where  it  is  cost  effective.     Teaching  about 
computers  (computer  literacy  and  computer  programming)  and  computer 
aided  learning  require  computing  facilities.    Those  instructional 
uses  of  computers  justify  having  computers  in  the  Fchools  now. 

II. K:     Abstracts  of  Articles 

Itiis  section  contains  one  page  abstracts  of  al:)out  a  dozen  dif- 
ferent recent  publications  concerned  with  the  general  field  of  com- 
puters in  education. 


III. A:     Overview  of  TEACHING  ABOUT  COMPUTERS 

This  section  provides  a  brief  overview  of  Chapter  III.  The 
topi:  Teaching  About  Computers  is  divided  into  three  parts.  These 
are  Computer  Literacy,  Computer  Programming,  and  Computer  Science. 

1TI»R:     Computer  Literacy 

A  person  is  "computer  literate"  if  ho  can  cope  with  the  comr)u- 
ter-rclated  aspects  of  life  in  our  society.     The  concept  of  computer 
literacy  is  discuJ^sed  along  with  the  need  for  computer  literacy.  A 
plan  of  action  for  the  public  schools  is  given.     A  computer  literacy 
course  at  the  senior  high  school  level  is  recommended,  and  some  goals 
for  such  a  course  are  listed. 

III.C         Goals  in  Teaching  Computer  Programming 

This  short  section  gives  a  brief  history  of  the  teaching  of  com- 
puter programming.     It  discusses  typical  goals  of  a  college  level 
rntroductory  computer  programming  course.     It  then  lists  nine  possi- 
ble goals  for  an  introductory  computer  programming  course  at  the 
secondary  school  level. 

III.D  Uses  of  CARDIAC 

CARDIAC  is  a  Cardboard  Ulustrative  Aid  to  Computation.     It  has 
been  widely  distributed  (free)  by  Bell  Telephone.     In  the  hands  of  a 
knowledgeable  and  skillful  teacher  it  can  be  a  valuable  tool  for 
teaching  the  concepts  of  computer  programming*     This  article  also 
discuss^^  a  nui?ber  of  more  advanced  applications  of  CARDIAC  to  com- 
puter   nr  truction , 

Iir.E         vfhat  Makes  A  Goc^  Programming  Example? 

A  common  complaint  of  teachers  is  that  they  don't  have  enough 
good  computer  program  examples  for  use  in  class  lectures,  discussions, 
and  assignments.     This  section  lists  criteria  for  good  examples.  It 
presents  a  detailed  format  for  writing  up  examples  for  one's  personal 
libraiy  and  for  distribution.     It  illustrates  this  writeup  format 
and  discusses  its  shortcomings.    A  list  of  ^^ources  o-f  good  examples 
is  given  in  the  bibliography. 
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Ill.r:     Step-wise  Refinement,  Structured  Proqramminq^  and  BASIC 

Step-wise  refinement  is  an  essential  Idea  for  attackinq  nrohlems 
of  any  siqnif leant  <5ize  or  difficulty,     structured  proqramminq  ir:  a 
method  of  incorporating  the  ideas  of  step-wise  refinement  into  the 
orcqramminq  process.    New  proqramminq  lanquaqes  need  to  be  developf:d 
^nd  made  available  if  structured  nrnqramminq  is  to  become  commonnlace . 
A  n\odifled  version  of  BASIC  is  examined,  and  comoared  with  B7VSIC. 
This  section  is  must  readinq  for  anyone  who  wants  to  teach  comnuter 
nroqramminal 

^TI.C:    Comnnter  Science  in  the  Hiqh  School  Curriculuia 

The  field  of  Computer  Science  is  defined  and  various  education- 
related  asoects  of  the  field  are  discussed.     It  is  suqqested  that  a 
secondary  school  should  offer  three  types  of  computer  science  courses. 
These  courses  would  be  (1)  Comnuter  Ll*:eracy,   (2)  Computer  Proqram- 
minq ar^d  AopllcatioAS,  and  (3)  Advanced  Proqramminq  and  Connuter 
Structures.     A  description  is  qiven  for  each  course. 

IIT.Jf.    Comnuter  Science  at  the  Colleqe  and  University  T^vel 

Computer  science  is  a  well  establishes  part  of  the  hiqher  edu- 
cation curriculum.     A  number  of  nublications ,  such  as  the  ACM  iss\je 
on  '^Curriculum  6R"  qlve  details  on  aporopriate  course  content,  t'bis 
short  section  directs  the  reader  to  some  of  these  oublications. 

Ill.r.    Comnuter  Science  In  Hiqh  School 

This  is  a  detailed  discussion  of  the  possible  contents  and  orienta- 
tion of  a  year  lonq  sequence  in  computer  science  at  the  hiqh  school 
level.     Vew  schools  currently  offer  such  a  nodern  and  far  reachinq 
course. 

tit. J*    Comnutinq  on  a  Shce  Strinq 

It  is  nossihle  for  a  school  or  small  school  district  to  develop 
an  extensive  computer  education  proqran  with  a  relatively  modest  ex- 
nenditure  of  funds •    An  example,  alonq  with  many  excellent  suoqestions, 
is  nrovlded  in  this  section. 

riT.K.     \hstracts  of  Articles 

It  seems  as  thouqh  almost  every  teacher  of  comnuter  proqramminq 
considers  himself  to  be  an  expert  in  the  oeneral  field  of  teachinq 
about  computers.     Thus,  there  are  many  publications  in  this  area. 
This  section  contains  one  naqe  abstracts  of  about  two  dozen  current 
articles. 
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IV. A:     C/erviow  of  THE  COMPUTER  AS  AN  AID  TO  LKAPNING 

Chapter  IV  discusses  the  computer  as  an  ciu\  to  learning.  Com- 
puter assisted  learning  (CAL)  can  be  diviOed  into  the  situations  in 
which  the  student  does  not  need  to  know  how  to  program,  and  the 
situations  in  which  the  student  writes  programs.     In  either  case  the 
student  makes  use  of  computers  while  studying  some  subject  matter 
area.     The  computer  does  not  present  the  instruction^  as  in  computer 
assisted  instruction  {Chapter  V). 

IV. B :  Simulation 

Simulation  is  one  of  the  more  important  tools  of  modern  science, 
business,  and  industry,  and  computers  are  essential  to  most  real-li fe 
simulations*     This  section  presents  an  overview  of  the  field  of  simu- 
lation, with  particular  emphasis  upon  computer  simulations.     It  dis- 
cusses a  number  of  uses  of  computer  simulations  in  the  classroom. 
Several  examples  are  discussed  in  detail. 

IV. C:     Packaged  Programs 

This  section  concerns  the  use  of  professionally  written  computer 
library  programs  for  problem  solving.     It  discusses  the  educational 
philosophy  of  using  packaged  programs  to  carry  out  the  computational 
aspects  of  problem  solving.     It  gives  several  examples  of  uses  of  such 
programs.     The  use  of  packaged  programs  is  one  of  the  most  important 
parts  of  uses  of  computers  in  education. 

IV. D:     Information  Retrieval 

This  section  defines  the  area  of  computerized  information  stor- 
age and  retrieval,  and  discusses  its  educational  implications.  Pour 
information  retrieval  systems,  representative  of  the  varying  systems 
found  in  education^ are  illustrated  and  discussed. 

rv.E:     Computer:;  and  Junior  High  School  Mathematics 

The  author  of  this  section  is  a  talented  and  innovative  teacher 
of  nathomatics  in  a  small  town     junior  high  school.     Some  goals  of 
mathematics  education  are  examined  in  the  light  of  the  availability 
of  computers.     It  is  shown  that  computers  can  contribute  substantial- 
ly to  achieving  some  of  thf,  goals  of  mathematics  education.     The  ex- 
istence of  computers  should  cause  reexamination  of  some  of  these 
goals . 

IV. F:     Student-Written  Programs  for  Problem  Solving 

One  of  the  major  current  instructional  uses  of  computers  is  to 
have  students  learn  some  computer  programming  and  then  use  that  know- 
ledge while  studying  mathematics.     At  the  secondary  school  level  the 
CMP  scricH  of  books  and  the  Colorado  Pre  joct  materials  have  received 
considerable  attention.     The  C^ICISAM  m.aterials  are  designed  to  teach 
a  college  level  calculus-with-computers  course.     This  article  provides 
an  overview  of  the  general  topic  of  having  students  write  programs 
as  part  of  their  activity  in  a  regular  mathematics  course. 
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IV. G:  Abstracts 

This  section  contains  abstracts  of  more  than  a  dozen  current 
articles  in  the  field  of  the  computer  as  an  aid  to  learning. 


V.A:     Overview  of  Computer  Assisted  Instruction 

The  computer  is  an  effective  interactive  instructional  delivery 
system.     it  must  compete  with  other  delivery  systems,  such  as  teach- 
ers and  movies,  if  it  is  to  gain  widespread  acceptance  for  use  in 
this  mode.    This  section  presents  a  brief  history  and  the  current 
status  of  CAI . 

V.B:    Computer  Assisted  Instruction:     Some  Current  Literature 

T}us  section  presents  additional  overview  material  for  the  topic 
CAI.     It  then  discusser*  several  reviews  of  current  research  findings 
in  the  field.     These  suggest  that  CAI  is  an  eflfective  educational 
tool. 

V.C:     Three  Computer  Assisted  Instruction  Systems 

This  section  looks  at  NEW  BASIC,  TICCIT,  and  PIJVTOIV.  These 
are  three  of  the  important  and  major  CAI  projects  currently  going  on 
in  the  United  States.    The  latter  two  are  receiving  extensive 
federal  funding  and  are  undergoing  large  scale  field  testing. 

V.D:     Abstracts  of  Articles 

There  is  considerable  literature  ir.  the  area  of  computer  assis- 
ted instruction.     This  section  contains  one  pag<=-  abstracts  of  more 
than  a  dozen  current  publications. 


VI. A:     Overview  of  Computer  Managed  Instruction 

Chapter  VI  concerns  the  Computer  as  a  Classroom  Management  Tool. 
In  computer  managed  instruction  a  computer  may  be  used  for  scoring 
and  recording  of  homework  and  tests,  diagnostic  testing  and  pre~ 
scription,  monitoring  a  students  status  and  progress  in  a  course,  and 
individually  prescribed  instruction.    This  section  gives  an  overview 
of  CMI .     It  discusses  several  examples  of  current  applications  of 
CMI ,  giving  particular  attention  to  projects  that  are  going  on  in 
Oregon , 

VI. B:     Abstracts  of  Articles 

Computer  managed  instruction  is  one  of  the  projected  "bright 
spots"  for  the  future  of  education.    Thus  the  pilot  projects  have  re- 
ceived considerable  publicity.     This  section  contains  abstracts  of 
about  a  dozen  current  publications  concerning  CMI. 
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VILA;    Adminj  3trative  Uses  of  Computers 

'Phis  long  section  provides  a  comprehensive  introduction  to  tho 
field  of  administrative  uses  of  computers.     It  ij;  designed  to  give 
administrators  insight  into  the  assistance  computers  might  provide 
them  on  their  jobs.     The  secti(;n  contains  an  extensive  bibliography, 
with  particular  attention  being  paid  to  sources  of  information  in 
Oregon. 

VII. B:     Administrative  Workshops 

A  school  administrator  is  often  the  key  individual  in  deciding 
whether  computers  will  be  available  for  administrative  or  instruct-- 
tional  use  in  his  school.     Workshops  to  develop  computer  literacv 
among  school  administrators  are  common.     This  section  outlines  tho 
steps  to  follow  in  planning  such  a  ^X)rkshop  and  describes  the  content 
of  a  recent  successful  workshop. 

VII. C:     Abstracts  of  Articles 

It  is  evident  that  many  'School  administrators  are  interested  in 
the  field  of  computers  in  education.     Considerable  literature  in  t\\o 
computers  in  education  field  is  written  by  and/or  for  administrator.^:. 
Al.)out  a  dozen  current  articles  are  abstracted  in  this  section. 


\'III.A:     Overview  of  COMPUTING  FACILITIFS 

1*he  chapter  on  Computing  Facilities  is  concerned  witli  l)oth  com- 
puter hardware  and  computer  software.     Considerable  attention  is  paid 
to  the  problems  involved  in  acquiring  approoriate  facilities.  One 
sect:ion  of  the  chapter  discusses  various  aspects  of  directing  a 
small  computing  facility,  while  another  section  discusses  tho  compo- 
nents of  a  quality  computing  service.     The  topic  of  computer  net- 
works (especially  national  networks)   is  discussed  in  detail. 

VII  I. B:     Acquiring  a  Computing  Facility 

This  article  is  directed  at  personnel  from  a  secondary  school 
or  small  college  who  may  be  involved  in  the  computer  acquisition 
process.     It  discusses  the  steps  one  should  go  through  in  acquiring 
a  computing  facilitv.     The  key  is  a  careful  needs  assessment;  the 
use  of  outside  consultants  is  recommended. 

VIII.C:     Some  flardware  and  Software  Considerations 

If  a  secondan;  school  wants  to  acquire  a  computing  facility  it 
may  find  that  it  has  a  large  number  of  logical  alternatives  to  con- 
sider.    This  section  discusses  some  of  the  major  hardware  considera- 
tions and  alternatives.     It  also  discusses  the  question  of  software 
alternatives.     Differences  in  various  versions  of  BASIC  are  listed 
and  discussed. 
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vni.D:    Tho  Terminal  Facility 

This  extensive  section  will  be  of  interest  to  teachers  and 
school  administrators  who  are  involved  in  the  selection  and  installa- 
tion of  terminal  facilities.     It  discusser,  the  VTY^  CRT,  and  card- 
reader  terminals  most  apt  t>  be  used  in  an  instrtctional  setting. 
BoUi  technical  and  practical  aspects  of  tern^inal  selection,  installa- 
tion, and  location  in  the  school  are  considered. 

VIII.F:     Operating  a  Small  Computing  Facility 

A  small  computing  facility  may  consist  of  a  sirigle  timo-shared 
terminal,  or  a  one  terminal  mini  computer,  or  one  or  two  keypvmches. 
This  section  lists  duties  and  responsibilities  of  tue  person  who 
serves  as  director  of  such  a  facility.     It  recommends;  "release  time" 
or  extra  pay  for  this  person. 

VIII.F:     Components  of  a  Quality  Computing  Service 

The  questions  of  what  constitutes  good  quality  computing  service, 
and  how  one  measures  it,  are  very  difficult.     This  section  contains 
a  detailed  outline  of  many  of  the  components  of  a  computing  service. 
It  serves  as  a  good  starting  point  for  t^iose  who  want  to  design  mea- 
sures of  the  quality  of  a  computing  service. 

VIII. G:     Distributed  and  National  Networks 

We  are  in  an  era  of  riipid  expansion  of  school  district,  state- 
wide, and  nationwide  computer  networks.     This  section  defines  some  of 
the  standard  terminology  and  discusses  various  sorts  of  networks. 
It  gives  a  good  comprehensive  overview  of  large  network  problems  and 
considerati^ms . 

VIII. H:     Abstracts  of  Articles 

Itiis  section  contains  one  page  abstracts  of  £i>30ut  a  dozen  arti- 
cles on  the  general  topic  of  computer  facilities. 


CHAPTER  IX:     COMPtrrPR55  IN  SPFCIAL  EDUCATION 

This  chapter  provides  an  o  erview  of  coniputers  in  special  education. 
This  is  a  relatively  new,  and  very  exciting  area  of  computer  application. 
Many  of  the  applications  of  computers  here  will  eventually  carry  over 
to  all  of  education. 


X.A:     Abstracts  of  SmVllYS 

Chapter  X  consists  of  a  collection  of  ahsttdcts  of  surveys  that 
are  related  to  the  field  of  computer  science  education*     Each  abs- 
tract gives  a  few  of  the  main  points  in  the  survey  and  a  reference  to 
the  original  report. 


ERIC 


XI. A:     Ove?:view  of  COMPUTKRS  RESKARai 


Computers  are  an  object  of  rosearch  (dGVelopinq  new  hardware, 
software,  applications)  and  a  major  tool  in  research  (for  example, 
to  process  statistical  data).     This  section  qives  an  overview  of  the 
role  and  nature  Oi.  computers  in  research.     It  makes  no  effort  to  indi 
cate  the  nature,  extent/  or  content  of  what  research  han  actually 
been  done.     It  does  raise  a  number  of  possible  re^^earch  cpjestions. 

XI  I. B:     A  Teacher  Training  Course 

This  section  gives  a  detailed  outline  for  an  introductor/ 
computer  science  education  course.     The  course  is  balanced  between 
concepts  of  computer  science  education  and  an  introduction  to  program 
ming  in  BASIC.     It  is  divided  into  ten  class  meetings  of  about  throe 
hours  each,  to  make  it  suitable  for  inservice  presentation*    Such  a 
course  would  carr/  3  quarter  hours  of  college  credit* 

XII. C:     Abstracts  of  Articles 

This  section  contains  abstracts  of  three  publications  containing 
material  on  teacher  training  for  the  computers  in  education  field. 

CHAPTER  XIII:     SOURCES  OF  ADDITIONAL  INPORMATim 

This  chapter  contains  sections  devoted  to  additionil  scurccH  of 
information.     Two  of  the  sections,  Places  to  Visit  and  Kev  People, 
are  specifically  aimed  at  Oregon  teachers  and  administrators.  The 
remaining  sections  are  more  general,  covering  Books,  Periodicals, 
Non-print  Materials,  and  Major  Computer- Education  Projects. 
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SKCTTON  A:     TKCIIN  [frAn  OVr W  1  KW 
David  Moursund 

Ihtroduction 

It  is  hoped  that  the  title  of  this  section  will  not  keep  tho  reader 
from  getting  through  this  first  sentencol     And,  once  started,  we  hope  he 
will  continue  reading...     Computer  science  is  a  field  in  which  one  studios 
computers  and  their  uses.     Some  aspects  of  the  field  are  hiqhly  technical; 
other  aspects  involve  insight  into  application  fields  such  as  business, 
engineering,   the  physical  sciences,  or  the  social  sciences.     This  section 
of  the  handbook  will  not  make  you  into  a  corrputer  scientist.     However,  it 
will  introduce  you  to  a  few  of  the  major  ideas  and  problems  of  computer 
science.     Note  that  Section  B  of  this  chapter  contains  an  extensive  cjJos- 
sary  of  terms  that  tend  to  bo  used  in  discu?^isLng  the  field  of  computers  in 
education,  Wi^ile  Section  C  gives  an  overview  of  computers  in  education- 

A  computer  is  a  machine  which  consists  of  hardware  {physical  machin- 
ery)  and  software  (computer  programs).     Hardware  and  software  are  two  of 
the  key  ideas  in  the  computer  science  field,   and  wo  shall  discuss  each  in 
some  detail.     Ihen  we  shall  discuss  two  classifications  of  computer  sys^ 
tems-~ti.no  shared  systems  and  batch  processing  systems.     Finally,  we  shall 
summarize  the  key  ideas  discussed  in  this  section. 

Computer  Hardware 

An  electronic  digital  computer  system  is  a  machine  designed  for  tho 
input,  storage,  manipulation,  and  output  of  information.     It  can  carry  on 
this  task  automatically,  under  control  of  a  set  of  directions  (called  a 
computer  program)  stored  in  the  computer's  memory.     By  "information"  wo 
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mean  anytJiing  that  can  be  expressed  usiny  the  letters,  digits  and  punctua- 
tioii  marks  of  a  natural  language  (i.e.,  E^nqlish)   character  set.     In  this 
section  we  will  discuss  the  various  types  of  physical  machinery  (hardware) 
found  in  a  computer  system      A  block  diagram  of  the  computer  system  compo- 
nents to  be  discussed  is  given  below.     These  components  may  be  classified 
as  peripheral  equipment  (input  units,  output  units^  and  auxiliary  storage 
units)  and  mainframe   'memory',  control  unit,  arithmetic  and  logic  unit). 


Auxiliary 

storage 

Input 

Computer 

Output 

anit(s) 

Mainframe 

Unit(s) 

Input  Unit    The  ubiquitous  punched  card,   for  storing  information,  has 
been  with  us  since  the  United  States  census  of  1890.     It  was  at  that 
time  that  Herman  Hollerith  developed  the  ideas  and  equipment  needed 
to  use  punched  cards  for  information  processing.     Information  is  ^'pun- 
ched" into  cards  using  a  keypunch,  which  is  a  device  much  like  an 
electric  typewriter.     Punched  cards  are  read  into  a  computer  using  a 
card  reader,  which  is  one  of  the  standard  computer  input  devices. 

Another  important  computer  input  device    is  a  keyboard  terminal. 
One  can  think  of  this  as  an  electric  typcv;riter  connected  directly  to 
the  computer  mainframe.     Suc)i  a  keyboard  terminal  is  also  a  computer 
output  unit. 

0\:tput  Unit      Almost  all  of  us  have  received  computer-proparod  hills, 
either  in  the  form  of  punched  cards  or  printed  on  appropriate  forms. 
Ar.ything  that  can  ho  stored  in  a  computer's  memory  can  be  outputted 
onto  punch  C'lrds,  or  can  be  printed  out  by  a  lino  printer.     Note  that 
a  high  speed  coinputer  driven  line  printer  is  several  hundred  times  ar^ 
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fasl"  at3  a  good  typistl 

Auxi.]  l<ity  Storage      Almosh  Civeryhody  bar;  soeti  pictures  of  luaqnotic 
tape  uiuts  used  in  computor  systems ,     '^hosc  ore  somewhat  similar  t  o 
those  used  in  home  tape  recorders,  but  are  of  greater  quality  and 
precision.     Another  type  of  auxiliar^^  storage  is  a  disk  or  disk  pack, 
A  disk  is  a  circular  plate  (think  of  a  phonograph  record)  whose  sur- 
faces are  covered  with  magnetizable  material.     Several  of  these  may 
be  stacked  together^  separated  by  air  spaces,  to  form  a  disk  pack. 
On  disk  packs,  and  on  magnetic  tape,  information  is  stored  as  magneti- 
zed spots  using  an  appropriate  code.     Typically  the  auxiliary  storage 
devices  in  a  computer  system  can  contain  much  more  information  than 
Uie  main  computer  memory,  and  at  a  much  lower  cost.     Auxiliary  stor- 
age devices  are  generally  much  slov/er  than  main  computer  memory  in 
terms  of  time  needed  to  store  or  retrieve  a  piece  of  information. 
Mainframe      The  computer  mainframe  consists  of  the  main  memory,  cont- 
rol circuitry,  and  the  arithmetic  and  logic  unit.    The  size  of  the 
main  memory  is  one  key  factor  in  determining  the  cost  of  a  computer 
system.     A  small  computer  mainframe  will  have  a  memory  which  can 
store  about  4000  characters   (i.e.,   letters,  digits)  of  information. 
A  very  large  computer  system  may  have  a  main  memoiy  that  can  store 
several  million  characters  of  information. 

The  control  unit  of  a  computer  is  the  circuitry  which  allows  the 
computer  to  follow  a  step  by  step  set  of  directions  automatically. 
That  is,  a  computer  program  is  a  step  by  step  set  of  directions  for 
carrying  out  a  particular  infoi-mation  manipulation  task.     When  this 
stop  hy  step  set  of  directions  is  coded  in  a]:>propriato  form  and  placed 
in  a  computer's  main  memory  then  the  control  unit  can  caase  these 
Q     directions  to  be  executed  (followed). 
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The  arithmetic -logic  unit  carries  out  the  arithmetic  and  logic 
operations  needed  to  process  information •     It  operates  under  tha  con- 
trol of  the  control  unit  (which  in  turn  follows  the  directions  given 
in  a  computer  program) •    One  measure  of  a  computer's  "size"  is  the 
speed  of  its  arithmetic  and  logic  unit.     A  modern  "slow"  conputer  may 
be  able  to  carry  out  50,000  to  100/000  operations  per  second.  A 
"fast"  computer  may  be  able  to  carry  out  10  million  to  100  million 
operations  per  second. 

To  summarize,  a  cc.aputer  system  contains  hardware  which  may  be 
classified  as  peripheral  equipment  {input/output  units,  auxiliary 
storage)  and  mainframe.      The  overall  system  is  designed  for  the  in- 
put, storage,  manipulation,  and  output  of  information.    We  can  think 
of  information  as  anything  that  can  be  typed  or  coded  using  a  stand- 
ard typewriter.     Two  short  definitions  of  computers  are  automated 
character  manipulator,  and  automated  information  processor. 

Computer  Software 

We  have  just  discussed  the  fact  that  computer  hardware  is  the  physical 
machinery  needed  to  input,  store,  manipulate  and  output  information*  Com- 
puter software  is  the  computer  programs  that  guide  or  direct  the  hardware 
in  carrying  out  such  tasks  or  assist  in  preparing  computer  prograjns.  We 
w;ll  discuss  three  types  of  software:     systems  software,  applications 
software,  and  user-written  programs.    There  are  two  key  concepts  to  keep 
in  mind.     (1)     A  computer  system  is  useless  without  appropriate  software. 
(2)     Software  costs  money  (it  takes  considerable  time  and  expertise  to 
develop) , 

Systems  Software      A  computer  is  built  to  "understajid*'  a  particular 
Q  instruction  set  called  a  machine  language.    Each  model  of  computer 
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has  its  own  machine  language,  and  this  may  consist,  of  50  to  300  or 
so  different  instructions.     Typically  those  will  include  tile  ope ra^ 
tions  of  additionr  subtraction^  multiplication,  division,  various  log- 
ical operations,  operations  needed  to  run  input  and  output  equipment, 
etc. 

It  is  possible  {but  very  slow  and  frustrating)   to  write  programs 
directly  in  a  machine's  machine  language.     This  is  rarely  done.  Ratlior 
one  writes  programs  in  higher  level  languages  and  appropriate  comput'jr 
programs  (systems  software)   translate  these  programs  into  machine 
language*     At  the  most  elemental  level  one  writes  programs  in  assem- 
bly language.     Here  one  can  use  mnemonics  such  as  ADD  (for  add)  and 
SUB  (for  subtract),  and  vaiiable  names  such  as  HOURS  and  RATE  to  ex- 
press and  keep  track  of  what  one  wants  to  have  the  machine  do.     A  pro- 
gram written  in  assembler  langu?.ge  is  translated  into  machine  lang- 
uage by  a  computer  program  (software)   called  an  assembler. 

At  a  higher  level  there  are  a  number  of  procedure-oriented  or 
problem-oriented  languages  such  as  BASIC,  COBOL,  and  FORTRAN.  Those 
languages  tend  to  be  fairly  easy  to  learn,  and  are  designed  to  aid 
the  user  in  expressing  the  steps  needed  to  solve  problems  in  a  wide 
variety  of  areas.     BASIC  is  essentially  a  student  oriented  language. 
A  sample  procram,   to  compute  the  area  and  perimeter  of  a  rectangle, 
is  given  below 

10     LET  L  =  28.95 

20     LET  W  =  16.37 

30     LET  A  =  L*W 

40     LET  P  =  2*L-f2*W 

50     PRINT  ''AREA  IS",  A 

GO     PRINT  "PERIMETER  IS",  P 

70  END 

GOGOL  is  designed  for  business  oriented  problems,  while  FORTRAN  is  a 
Q     general  purpose  science-oriented  language, 
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Kor  euch  higher  lovel  lanyuago,  and  each  model  of  computor,  it 
iji  poy^iible  to  write  a  piece  of  software  (called  a  cornpilor  or  trans- 
lator) which  can  translate  programs  written  in  the  higher  lovel  lang- 
uage into  the  machine's  machine  language.     The  software  itself,  for 
just  one  translator,  may  require  several  man-years  of  effort  to 
develop. 

The  key  concept  in  systems  software  is  that  there  are  literally 
hundreds  of  computer  languages  available.    When  a  new  model  computer 
is  first  manuf actured^  software  for  it  must  be  written.     Many  computer 
systems  have  only  an  assembler  and  no  higher  level  languages,  others; 
may  have  an  assembler  and  BASIC,  but  not  COBOL.     When  one  acquires  a 
computer  system  he  must  pay  equal  attention  to  the  hardware  and  the 
software  facilities  he  ;  :/  acquiring. 

Applications  Software     It  is  possible  for  a  person  to  use  a  computer 
program  written  by  another  person.     Thus  it  is  feasible — and  indeed, 
highly  desirable — to  construct  a  library  of  programs  designed  to 
solve  a  wide  variety  of  problems*     These  programs  are  exeimples  of  ap- 
plications software.     A  good  library  will  include  dozens  of  different 
statistical  analysis  programs,  programs  to  solve  ordinary  and  differ- 
ential equations,  programs  to  do  mathematical  curve  fitting,  etc. 

A  computer  assisted  instruction  (CAI)  package  would  be  an  exam- 
ple of  applications  software.     A  good  CAI  package  will  contain  very  ex- 
tensive programs  designed  for  the  presentation  of  instructional  mat- 
erial, the  recording  and  analysis  of  student  responses,  and  so  on. 
It  will  also  contain  programs  designed  to  help  people  create  CAI 
lessons. 

User-written  Software      Most  people /  given  appropriate  instruction. 
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can  learn  to  write  computer  programs.     For  the  most  part  a  student 
will  write  a  program  to  solv^e  a  specific  problem,  use  the  program  and 
then  discard  it.    This  is  also  fairly  common  in  fields  like  science 
and  engineering;  where  thr  practitioner  may  make  frequent  use  of  com- 
puters.    Such  programs,  which  tend  to  have  a  rather  short  life  span 
and  tend  to  be  used  only  by  the  program  writer,     are  referred  to  as 
user-written  software. 

To  summarize,  it  is  important  to  understand  that  a  computer  cannot 
solve  a  problem  unless  it  is  directed  by  an  appropriate  computer  program. 
Some  computer  programs  {systems  software)  are  designed  to  aid  people  "in 
writing  computer  programs  and/or  to  aid  people  in  running  a  computer  sys- 
tem.    Other  programs  are  designed  to  solve  particular  types  of  problems, 
and  are  collected  together  in  an  applications  library.     When  one  acquires 
a  computer  system  he  acquires  both  hardware  and  software.     The  quantity 
and  quality  of  the  systems  and  applications  software  will  often  be  the 
key  factors  in  deciding  what  system  to  acquire. 

Time-Shared  and  Batch  Processing  Computing 

There  are  two  general  classifications  of  computer  systems,  based  upon 
the  type  of  input/output  equipment  they  support.     Block  diagrams  showing 
the  major  features  of  each  system  are  given  below: 
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A  Batch  Processing  Computer  System 


A  time-shared  computer  system's  hardware  and  software  are  designed  so 
that  a  number  of  people  can  make  simultaneous  use  of  the  system.  Thus 
several  users  may  be  typing  in  programs,  several  others  may  be  waiting 
vrhile  their  programs  are  processed  and  still  otliers  could  be  receiving  out- 
put on  their  terminals.     The  great  speed  of  a  modern  computer  system  makes 
this  possible.     The  computer  divides  its  attention  among  the  various  ter- 
minal users,  switching  rapidly  from  one  user  to  the  next.     To  illustrate, 
suppose  we  had  c  computer  that  could  perform  ].  million  arithmetic  and/or 
logic  operations  per  second,  and  that  twenty  users  were  active  on  the 
system.     In  one  second  the  machii-^e  could  devote  50,000  operations  worth 
of  compute-capacity  to  each  user,     Many  of  the  users,  however,  will  not 
need  nearly  this  much  computing  done  in  a  typical  second.     They  will  be 
typing  in  programs,  or  data,  at  a  slow  rate,  and  will  require  very  little 
of  the  computer* s  attention.     This  means  that  the  users  whose  programs  are 
being  executed  can  receive  a  greater  fraction  of  the  machine's  capacity, 
pt^rhaps  several  hundred  thousand  operations  per  second. 

In  a  batch  processing  computer  system  one  person  uses  the  computer  at 
a  time.     His  program  and/or  data  to.be  processed  are  placed  in  the  card 
reader  so  they  can  })e  read  into  the  computer's  memory.    Typically  the 
data  consists  of  a  batch  of  similar  transactions  or  problems  to  be  proces- 
sed.    Thus  the  program  might  be  designated  to  prepare  a  bill,  and  one  com- 
puter run  might  be  used  to  process  a  batch  of  several  hundred  bills. 

The  two  /* models"  discussed  above  are  over  simplified,  and  there  are 
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many  variations  on  these  two  themes.     For  Gxam];le,  a  modern  minicomputer 
(say  ono  costing  $5,000)   is  aj^t  to  have  a  sinqlf>  Keyboard  toiTninal  as 
in[^ut/outf)ut  device,  and  its  only  auxiliary  storage  may  be  a  paper  tape.' 
punch/reader  located  on  the  keyboard  terminal.     Such  a  system  would  be 
classified  as  a  batch  processing  system.     It  could  be  used  to  run  an  in- 
teractive language  such  as  BASIC,  which  is  typically  considered  to  be  a 
t i mo -shared  language . 

Another  variation  would  be  to  add  a  card  reader  and  line  printer  to 
a  time-sharod  system.     The  resulting  system  then  functions  simultaneously 
as  a  batch  processing  and  as  a  time-shared  computer  system.     Note  that  it 
takes  both  appropriate  hardware  and  appropriate  software  to  \)e  able  to  do 
this, 

A  key  concept  in  any  case  is  that  a  computer  system  can  be  used  for 
all  kinds  of  purposes.     Hither  a  hatch  processing  system  or  a  time'-sl\arod 
system  can  be  designed  to  satisfy  the  administrative  and  instructional 
needs  of  a  school.     However,  some  computer  systems  are  designed  mainly 
for  instructional  purposes  while  others  are  designed  mainly  for  business 
and/or  administrative  purposes*     A  computer  system  designed  primarily  f<^»r 
one  typo  of  application  is  apt  to  be  inefficient  or  even  completely  un- 
suited  to  some  other  type  of  application.     A  small  time-shared  system 
for  instance,  may  be  specifically  designed  for  instructional  use,  provid- 
ing time-shared  BASIC  at  a  low  cost  per  terminal  hour.     Such  a  system 
would  prol^ably  prove  unsuitable  for  many  school  administration  uses. 
Similarly,  a  small  batch  processing  system  nay  be  quite  suited  to  a 
school's  administrative  computing  needs,  but  be  quite  unsuited  to  a  gcn^ 
eral  instructional  environment.     Colleges  and  universities  tend  to  try  to 
acquire  computer  systems  that  are  balanced  between  the  instructional,  re- 
'^•^rch,  and  administrative  needs  of  the  school.     A  single  sufficiently 
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largo  computer  system  (with  appropriate  hardware  and  software)   can  pro- 
vide high  quality  service  to  all  three  typos  of  educational  users. 

Conclusion 

This  section  of  the  Mandboo)«-  qives  a  brief  introduction  to  the  ideas 
of  computer  hardware  and  software,  and  of  batch  processing  and  time-shared 
computing  systems.     Key  ideas  include: 

1.  A  computer  is  an  information  processing  machine. 

2.  A  computer  system  consists  of  hardware  and  software. 

3.  Computer  systems  are  generally  classified  as  batch  processing 
or  time-sharing. 

4.  A  computer  system  may  be  designed  to  fill  a  single  educational 
need  such  as  instruction  or  administration,  or  may  be  designed 
to  fill  all  of  a  school's  educational  needs. 

Many  of  the  ideas  touched  upon  in  this  section  are  expanded  in  su}:)so~ 
<(uent  sections.     The  glossary  givon  in  the  next  section  defines  many  of 
the  terms  used  in  this  Handbook. 


SrCTTON  II:  fW.nsSAPY 


I'acli   field  of  luimaii   intolloctual   endonvor  ^^ns   its  dkm 
vocalMilary,   .-ind  fir'lvl  o{'  c(Mip(itfM'  scicMu-c^   is  nn  o>:c'f)>t  i  fm . 

A  iuiriIi(M'  of  conijMiltM^   lifcracN'  and  ^.onipntf^r  anin  r  c  i  a  1  i  on  tJ'Xi 
l^xd  s  v.cri^  I'XapiiwM^    in  ortlf^r  to  srl(n*t   tonus   thai    a  ro  c(^n:'. i  j 
cssontuM   tf>  a  riirinal,  nop  - 1  cch  i>i  ca  1  ,  nmU^  rs  1  and  i  11     of  t!o 
oj'DMMitinr   fi(^]().      ^  stiu'onl    conn  1   1 1  n  r  ai:   i  n  t  rod  ito  t  oi'v  onrw^ntf^r 
lit(*racy  cours<^  s]»ould  'avo  n  ^orM^^j^  !nov'1odnr.  of  I'ost  of 
those   to  ri'is  . 


Acco:':--   tirv*.      !ir<'  r(*nt!i?^od   to   rc'tyO  out   or  icritr^    in  tlnt.a   l^rnv  :\ 
a  tlata  t^tora/M^  s\'sto^i.     This   is  an    ii^mortant  r^' arnci  ori  s  t  i  0  of  a 
storat'o   systtT'.     f'onorally  '^nea^iTip   \hc  sl^nrtor  t^o  acoos*'-  t»»"''^, 
tho  HMU'o  costly  t!o  s  tor  ape  systoi"*. 

.M(-^M..    \  cop'Piitor   lnnpiiaf?e  cU^sipvirMl  nainlv   for  i>rop  rarn^n  rpr  sc  io?^- 
tifir  application,':.     '^'1m  s    is  one  of  the  v^orc  roflern,  anrl  vi(V^ly  m-c^^ 
oorp  i  1  c  V  1  a  r^p tia  f^o f  i  .  0  .  ,  »>roc<NMi rt.^  -  1  (^\'e  1   1  an piia  pes  K 

Mrorit!!*.      ^   finite^,    <tep-^  n'- s  tf*r>   s^t   of  dirociions  <U^si"!H'<^  tc- 
so1v(*  :j  ri.irticniar   t\'pc  of  nrol  I^M'. 

1  t>5>anniMo  r  i  c  c!sa  i  a  c t o  r  .   '^''1  e   1  o  t  t  (m^ s  ^  n n^^^o r  s  ,  ?ninc  t  m n  t  i  op  r    r  l  , 
an.d  oil  or  sn(H*ial    svr'^^ols  that   a  p  i  von  con^niitor's   i  nnu t /on  I  tui t 
circuitry  is  const  nictec^  to  ^ainUo.       Inlinnuner  i  c  cbaractors  aro 
also  Vnov.ii  as  lollerith  characters.     n'orrtan  rolloritli  piono(^ro(' 
tl-r-  ^isc  of  puhcIumI  cards   for  data  orocossinp). 

^nalop  corijuitor*      ^  copipntor  in  v/hich  a'^nlop  reorosont  at  i  otis  r>  ^ 
data  are  ;n«^rnTy  nsoil.     For  exaniple,  voltrt/.os  or  currents  mijdit 
l)o  used   to  represent   the  variaMcs   in  a  differential  equation  to 
he  solved  hy  an  ana  lop  conputor. 

Api>lication  pro|^ra_ii\      The  softvare   f'^r  a  copnuter  systei^  t'\-iv'  ht^clac* 
\ifjcd    as  A]H^  1  1  ca  t  i  ons  Proprnris  and  ^v'^tens  Troprai^s.     An  '"^t^p- 
li(*ation  f*ro)'rar:   is  dosipned  to  sol\^o  a  certain   tvpe  or  clas^  of 
pro^Mons»     Tor  exan'ple,  rno  mip^  t  have  an  Applications  I'ropj'an 
viesipnod  to  solve  a  certain  typo  of  eouation,  or  to  perforiri  a 
S]u^c  i  f  i  c  statistical   conputa  t i  on  . 

Ar  itlune  t  i  c  unit.        Il^o  portion  of  the  hardv:are  of  a  cor»pnter  i 
kIu  ch  aritlnnctl-C  and   lopicnl  operations  arc  pcrforncd.     ^^ne  can 
thinl:  of  it  as  a  suporsPoed  ofectronic  calculating  device. 

'Artificial    in  to  1  1  i  ponce .  '^he  hranch  of  connutor  science  concrrnrM^ 
u'*ith   t^Tc"  sVudy*  o  f '  tlfo^  possihi  1  i  tv  of,  methods  of,  and  i  np  1  i  c/i  t  i  op  s 
of  tioveloninp  coi^nutor  svstens  which  can  perform  i  ntel  !  i  pent  -  1  i  ' 
tas^  s  such  as  intoractinp  in  a  natural   lanpunro,  pnr>e  nlayinp. , 
(iiHstion  ansv'orinp,   t^ieoro''^'  nrovinp^  etc. 

i^.^.^J^r'hV^i* •       cormutor  nropran  that  takes  instructions  written  in 
hssepMy**  lanpuape  anc^  converts  t^^o  instructions  into  tl^e  lanpuapi^ 
required   for  operation.     It  is  an  exarrplo  of  svstcps  softv;are. 
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\ssrr^'>ly  Innpuaju^*   A  comp\itcr  lanrnap.o  i  nt.crnotU  n  to  between  i^nehino 
IrrnV.iiMjVe  nhJ'Vomrilor  Innj'iinpo,^.     ft  nllows  i^nc^  i  no  - 1  onpuapp  in- 
strtictions  to  hc^  uTittrn   in  siinpliricfl  forp^  iisinp  mncinor!  i  cs  and 
otiicv  standardized  ald^rov  i  at  i  ons  .     Tor  example,  mnemonics  liVe 
AIM^  and  5^-1'-  are  used   in  place  of  tlieir  numeric  codes. 

\uxiliary  storripe.  A  ]-^er ipl'oral  stornjic  <levice  that  can  store 
1  nTrTrnaWon' "i n  a  Torn  accepta^^lc  to  t^^e  computer ,  such  as  mae,- 
nolle   tape,  map.neric  disks,  arid  nav.netic  drums. 

i'.ASIC.     liej^,  i  n!ie  r  '  s  All -Purpose  Syr^l^olic  Instruction  Code.  A 
pVfH'odure - 1  e ve  1   computer  lanp,uaqe  t^^at  is  v;e  1  1   suited  for  tiiMo- 
siiarinp,.     It   is  one  of  tl\o  easiest  coipputer  rjrorrnmTni  np  lanpuapes 
to   learn,   and  is  designed  to  l>e  usetl  in  a  tirne-sbarc<l  computer 
f  nv  i  ronmen t . 

'atr'?  processing.   A  sy^toins  npT>r(vacti  to  proco^sinr  wlierc  n  nun^-er 
nT     ini  I'ar*  Vnput    itcvis  are  rrouped  for  processinv  durinf^  the  sane 
r^ncliino  run.      Tt   is  I'enerally  associatocl  witir  a  sinplc  person 
us  inj'  a  computer  at  one  time   ffor  several   seconds  or  a  lonf.or  tirre 
periodi   as  contrasted  with  time-shared  connutinj^  in  which  many 
users  appc^ar  to  he  ma^'inp  sinultaneous  use  of  a  iriaclnne, 

Vinar^^.       ('orinnim<^ed  or  con^^istinf  of  two  thinr?  or  nnrts.  v*?nnrv 
aVi't^potic  is  a  systeni  of  ar  i  thno  t  i  c  maV  i  np  use  of  tl^e  two  svr^I^oIs 
^>  and  K     Tn  l^nary  arithmetic  the  arithmetic  operations  are  per- 
forr^ec^  usinp  the  number  hase  2. 

liii.iry  dipit.      '-'ee  hit. 

I'll.     A  coined  word   from  ^inar)'  d  i  p,i  t  ;   t'  is   is  one  of  the  wliolo 
Mjinicrs,       or  1  ,   in  a  sinple  position,   in  tie  binary  scale  of 

n  '1 1  a  t  i  cm  . 

;'i:r.      'i:  error   in  .a  coriputor  pro/^ram- 

ly\c,      i'coondin^l  upon  the  nake  ajn)  ipodel  of  cejnin^ter,  a  sinj^.Ie 
v'-iaractor  in  a  conputer's  u^op'ory  vill   require  a  specific  nunikcr 
of  ^'its  of  stora|ie»     This  iniit  of  storare  is  called  n  byte.  Common 
]  ]cni'  t\ii^  n  re  0   to  8lnts. 

i  .   ror^ruiter  Assisted  Instruct  ion.     A  nethod  of  usinj!  a  coi'iputer 
s'vstei'^  as  a  means  of  prcsentin^i  i  nd  i  \' i  dua  1  i  r^cd   instruction  materials* 
Tn  c.Ai   rhe  completer  is  iised  as  an  instruction  deliv€?ry  device. 

(  ^^  ,   CrrTuter  Auj-jonted  !.earnin<^.     A  metliod  of  us  inp  a  comnuter  system 
to"  aurjrenl  ,  or  supplenent  ,  a  more  conventional   instructional  systen^. 
;    typical  exar'iple  woiHd  he  usinj^  canned  prop,rams  to  aid  in  tl^e  prol^- 
h^p  solving,  process   in  a  course  of  instruction. 

^'ard  ]iur:c!^.      ^  comptitc^r  ontnut  device  that  punches  Voles  i cards. 

('■■iri'  rc.'u'or.     /  'Jovicc  t'lnt  inputs  the  information  on  n  I.eynur clod 
cr*'r';iVV  'pbhsc  card  into  the  coppiitcr, 
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Tnt-M^do   rny  tiilic.     A  vacuum  tu^o  sucl^        n  picturo  tuho  ]i\  n 
tcK'^V'sion.     IVlion  usc^d  ns  a  computer  trTi'inal,   it  c!ispl;iys  ontiuit 
On  :i  T\'-lil.o  screen,     A  l^evboiirtl  t-t^  ri^ii  n  a  I   containing'  a  catlodf^  rav 
txihc   is  off  on  called  a  rPT  teri'nfi;il. 

Central  process  hu'  unit,  '^'^^e  pronn  of  cnpponfiT^ts  of  ;\  corr^rnteT' 

s  y<  t  en' *tl''a*t  con  t  aVns*  the  ]o<^^cal  ,  ar  i  t^'P'ot  i  c  ,   and  control  circuits 

for  the  ^lasic  syster>. 

Character.   A   letter,  dir.it,   punctuation  narV,  or  other  s  i  fui  used 
in  tVe  r"epr(*sen  t  at  ion  of  i  n  f  orr»at  i  on  ,     Computers  are  de*^i'M)cd  Tor 
the   input,  storap,e,  pan  ipul  a  t  i  on  ,  and  output  of  cliaracters. 

Cf^J'f-]'.       \  computer  lanpuajie  desinned  runtily   for  nroprarnninp 
cbmnercial  applications.         i  s  is  one  of  the  nost  videly  uset' 
com)) i  lor   1  anpuaoc s   f  i  .  o  .  ,  procedure  - 1  eve  1   1  anpuapes  1  . 

C::i.     t:oirpiiter  ruuiapod  instruction.     y\n  application  of  computers 
tb  inst^^uction  in    ivhich  tJje  computer  is  used  as  a  record  leepcr, 
manaj^er  and/or  prescriber  of  instruction. 

Compiler.     ^  computer  Tiro^ram   (i.e.,  so^^tvarel  tl^'it  translates 
a  program  v;ritten  in  a  procedure- or iented   lanp,uafo  sucV  as 
I  ASH',  COi^O].,   or  ITP'rPA>'  into  a  mac^  ine  lanpuajie  or  an  asseml  Icr 
1 anpuape • 

{'omj^Mler  J -^lU'lL??.?  •       lanpuaj^e  sucl^  as  f^lVM.,   r^v^'i  r> ^  (^it:. 

desiiured  to  assist  tl^e  propramrH>r  in  vritinp  procedures  to  solvf^ 
proh 1  cms  . 

Computer.   A  device  capal^lc  of  accepting   information,  apply inj^ 
pr'escriVed  processes  to  t)^e  information,  and  supplyirp  the  results 
of  tliese  processes.  osuall>^  consists  of  innut  and  output 

devices,   stora<'e,   an(^  commun  i  c  a '  i  on  s  units,  and  a  central  pro- 
cess i  n  r  un  i  t  . 

Console.      ''h.at  part  of  a  cor>puter  used   for  coru-'un  i  cat  i  on  tietvc^^n 
t]u'  operator  or  maintenance  enr. inecr  anc'  the  computer.  It 
rouply  comparable   (but  general       more  consul  i(^rjted)   to  the  Vey- 
board  on  an  electronic  calculator). 

Control   unit.       A  luiit  or  portion  of  the  barchvare  of  an  elec- 
tronic cllpital   computer  that   is  c^esirned  to  direct  a  senuenco  of 
operations,   interpret  coded  instructions,  and   initiate  proper 
commands   to  the  computer  circuits.     ft   is  part  of  th.e  central 
process  i  n  r.  un  i  t . 

Core  s t orape .     The  main  or  integral  memory  of  a  computer.  T^'c 
Korc-  comes   from  tl^e  verysr^ill  c^onut  <^haped   iron  cores  v;^m  r^^  ,  at 
one  tine>  were  tl^e  r^ost  videly  ns'^d   f-^rr^  of  rerory.  yovrndays 
other,   solid  state,  (devices  are  ofte^  us<^*(^  as  main  r  eror^' -  -  ^tft 
may  still   bo  mlstal'only  callei^  core  memc^rN'. 

j'vberjie  t  i  cs  .     The  study  of  control   anc^  coi-^^^un  i  r  at  i  on  in  ^^'ln  :w'd 
tne  mac'Mne.     ']!.e  name  of  >'orbcrt  V'iet^er   is  r'ost  often  asseciatnt^ 
O     th.e  devclopi'cnt  of  tMs  field. 
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'\'itn.   -(M  ai  1  0  J   i  n  forr^n  t  i  n?i  such  as   fncts,  nnmhers,  or  c|u;ni  t  i  1  i  i*  s 
tss(nl   to  solvo   sopu^  prol>lcm  or  rc*;ioli  soi^c  conclusion.  InforniatituV 
to        procossod         a  coin]>utor  tn^oj'rain, 

;'a  t  a  l^ajil. .       conn  roluMis  i  vo  collect  ic^n  of  lil^rarios  o  ('  <inta.  Tor 
oxanplo,   one   lin.c  of  an  invoice  nia\^  form  an   itoHi  a  coinpletc  in- 
voice rMv  forri  a  record,  a  complete  r>(M'  of  sue!    records  nay   Torn^  a 
rile,   Die  col]cction  of  inventory  control   files  may  forn  r.  li- 
hrary,  anO  tl^e  li)M\aries  use(^  l^y  an  organization  are  Inown  as  its 
xlata  ban!:.     Ttio  tern)   is  often,  associateci  witl^  a  collection  of 
information  a^out  pef>ple,   and  the  nossible  nasuse  <;f  computers, 

.'^i^Ji'^PIS'/'i^^'^^t  jjEl^  •  process  of  orpanizinj'  information  and 

storing  It   in  a  form  that  can  be  innut  to  the  computer. 

^'a  t  a  TM\ocoss  i  n{^  .  The  execution  of  a  systematic  sequence  of  oner* 
at  ions  ncrforT'^Of'  unnn  ilata.      f*>ynonynous  vitb  '  information  pro- 

ce  ?   i  nr/'  "I  . 

*ielau^.  To  remove  all  malfunctions  or  mistaVcs   from  a  clevice,  or, 
mor(^  usually,   i'rom  a  nror,ram. 

IM.iiital   corMMiter.    fll    >  computer   in  v/h  i  cb  discrete  representation 
of  data  is  mninl/  us^'ul,     (2)     A  computer  that  operates  on  discrete 
data  ]^y  performinj^  arithmetic  and  lopic  processes  on  these  data. 
(C{y\}  t  ra s  I  v/i  t h  "anal comnu t e  r''^  . 

.'lir^A  iA^'' •  render  a  contiiiuous  or  anaJojuie  representation  of  a 

Varla^^lr   into  a  discrete  or  dij'ital  form, 

iH.re_ct  ju'cess,  Tl-e  abilitv  to   rend  or  \';rite   information  at  any 
location  vTtl  in  a  stnrai^e  device   in  a  n<\arlv  constant  amount  of 
tivH^.     y  coriputer's  main  r^ei'^ory  is  usually  a  direct  access 
:-tor;ifM>  device,     ^  magnetic  disV   is  another  example  of  a  direct 
a  c  c  o  s     s  1 0  r  a  yc  device. 

A*^]    ^}  PJiLl^^P '    ^  storaju^  (hn'ice  that  uses  n^apnetic  recordin/i  on 
f]it   rotating  disls.     Tt    is  a  direct  access  storape  device, 

:_'n::.     *    rapidly  rotating  cylinder,  the  surface  of  u'hicli   is  coated 
V.  I  r/I    :\  r;\yuvt\c  material   on  vliic'^^   information  is  stored   in  the 
•'{■rr  of  srnil  1  naenetized  snots.     It  is  an  example  of  a  direct 
access   stnrare  device. 

Jl^y  *  JPlUP^^lA-riJ^^^J^  J^f^^r^  compter  in  v;hich  data  is  re)>- 

r c  s n  t e r?  i  n  d  i  r  i  t  rp]   form  . 

J  xjcutjon  t  ij^T ,   Tint  period  of  time  while  a  proj'.ram'is  in  exocu- 
tl nir.     AVsc)'' tFc  total   time  renuirod  to  execute  an  entire  pro^^ram. 

■■'iri'lh^L^.^  •     ^  means  of  automatic  control   in  v/hicb  the  actual  state 
cC  a'nrocess   is  vTonsured  and  used  to  o^^tain  a  quantity  that  niO(' • 
ifies  t>^e  input   in  orcVr  to  initiate  the  activitv  of  the  control 

iilo.  A  collection  of  related  records  treated  as  a  unit.  lor 

O 
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(^Nanplc.  (»iu'   liiu-  r^f  ;tn   irivoiio  v>nv   fori'  ;in   i  t  ors  <'i  coinpU^v^ 
iiivdico  vMiy   forin  a  rcc(^r<1  ,  n  cnino  I  ft     sot  of  sucl^  r(!cor(is  r^av 
i'orv\  a   fih^,   thf  ri^Moctif^fi  of  invontor\'  control    filos  nv-n'   Tori"  a 
library,  anJ  tin-   li^rnrios  used  l>y  an  or^'an  i  "at  i  on  nro  Vnoun  as 
its  (lata  banK* 

I  i  jst^  t!,cnora  t  icu\  copputj^r  .  ^'omnnter  s  v  liose  ci  rcni  try  do  ponded 
iK^rrvl  1  y^  iiron"  Ynciuin*"TuT^es\     '^'bo  vacuuip.  tid^o  era  ondod  about 
l^fi'',  Kl'on  trnnsi  stori  7.od  conputors  'oran  to  io  produced. 

rj.P!  yl'l'.^-^  •      ^  chart  consisti!u»  of  various  flov*  diapram  synbols 
such  as  arrows,   rcctanpular  boxes,  circles,  and  other  syril^ols  used 
to  r  raob  i  ca  1  1 N-  represent   a  nrocecUire  or  pattern  of  computation 
to  sol\'c  a  particular  prolMen. 

♦    ^  coni>uter  lanpua<^e  cUv^ipnecf  ruairUv   for  i^rop  rarnr^i  np 
scientific  applications.     The   initial    I'f^TI'^A:'  ^as  dovoloued  Iv 
11"  ('uriiM'   1^\"^-S7.      It    is  still   one  of  t'^e  riost   \  it!(;lv  nvcd 
coPT^  i  ler   I  au<Mtai'es   (i.e.,  proce('ur("-  1  eve  I    ]  anpua)'es  )  . 

barduare.   The  electrical,  {electronic,  napnetic  and  mechanical 
d(?VJces  or  con]v:)fien  t  s  of  a  ccMnrM'ter.     Typical  Iv  one   si^eal-s  ol' 
a  corMMiter  svsten^  as  consistinj'  of  hardware  and  software,  v-hv-ic^ 
!ianbvar(^   includes  the   I /f^  devices,  the  central  nrocessinp  unit, 
!;>a  i  n  p'crory.   and  the  t^eri^>leral   <VMMce^   such  as  auxiliary  ^Morap'* 
devices. 

^'euristic.      Tr  i  a  1  -  aru^  -  er  ror  inctlod  of  tacVlinp  a  nrn^ler^,  as 
opnnseT!   to  {^'c  alporitbiMc  approach  .     Many  of  tlic  prol^lei^^s  used 
i  -   the   fi^^ld  of  artificial    into!  li  nonce  are  heuristic  prorrar^s. 

bolleritb  y 's/'b^.^i'J^     •     '^'^'^  a  ]  p|' rinune  r  i  c  charoctc^r.     I^err:an  bo!l(>ritl 
i^ioneerr'd  t1^'  us<'  (^f  nunc'  "ed"  c  a  rlfs'  Tri'\*^a  t  a^  proce  s  s  i  np   fand  in 
particular,    in   t-f  piocessit^p  of  t'  e   IT.*^^  " .  *' .  census  data), 

frfnrrMtion.  r(^foreTH*(^    to  cnv']^i}i  r  r^^^  ^    Ir^rornatioi^   is  tlx-  *';uir 

-i^   fh'ita.     '  lu*   can  t)  irii  it    as  ap\'t!- inp  t-nt    r:\v  ^  e  cofb«(^  or 

re?M-e';^M' t '  d  nsinp   tl^e  c!  aiacte?    srf   one  l^as  a\aila!le. 

Jnforriatinn  retrieval.  '  ^  ranc^^  of  cor'T^ifpi^  sci(^nces  relatinp  t< 
|i  r.  tfu'b'Muues  for  stor'np  and  search  iru'  larre  or  ^^neci^^ic  f|uan- 
tilie<   ^^f   i  n  f  or^^a  t  !  en  . 

Trriut  .    M'^*orpation  vliic';  a  coimuter  syster^'s  eloperits  receive 
<  rer   out  si  ^^r^   ^^^o  copp^^ter  *^^•'^te^. 

f/'\    fT>^M:f    and/or  outpnt. 

I/^\deyirr.         utm  t   tVat  acceT^t<^  nev   data,   sen('s   it   intci  tie 
,,'or>rpt  eV  Vor  ?>rocessiT\r.   fit^nut),  receives  t!*e  results  frori  the 
computer,  and  converts  thcw  into  a  usable  form,  (output) 

^^L^Aj_4y^.Jn^  •     ^   co<le(^  proprari  step   in*  a  nroj>  r;uirn  np   Innpuaro.  sue) 
Tis    in  a  n.ac^'ir'e,   l\<'^''^v■  ler,   or  cor'niler  lanf'uare. 
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IrtrvJ^K-o.  'VIo  point  of  coiUaet  l^ctvocn  (Urforent  ?ystoii;s  or 
i>aVr?  oT'  t!ic  sane  systori.     Orio        tl*e  post   iri^ortnnt  aspects  of 
tho  fiol(i  of  cor^TMitcr  science  is  t^^e  mnn-naclnno  interface  MroMeF, 

■  .   '!  '  e  lot  tor       is  us^^l  to  r<ni  re  *'^'Mit   tlu'  nnr>i  or  v;Vi5cl^   1:   H^'^  1  . 

T' sir.i^  of  n  cop'rntor*^^  ronof'   is  ^  Tten  staloJ   in  teri'S  of  a  nutii- 
'cr     f  '    or  1  oi'iis  or  S\M(^:;.     Tl'ns  a   >na11   i'(Minv,itor  r^enory  nij'iit 
1  r>    1'"  or  "i'  i'or<ls,  vliilo  ;i  lar<'^^  ropi^nter  ner^ory  iniplit  he  ^V'^*  or 
1  2  S v;o  ri^<  ,   o I'^oro  . 

Toyloani  tormjoa].     An  c^l  oc  t  r  i  c  - 1  yo<M^'r  i  tor  - 1  i  l:o  computer   F/0  tievice. 

rovpttr^c^  .    ^  Vevl^oarJ  tic\nce  for  nuncliinj'  I'olo.s  in  cards. 

I.iro  rvintor.       nrinm-  v'^oro  ai)  entire  lir^o  of  cb.aracters  is 
coFripo'sc'cr  anil  doterrined  u'itbin  tb.c  device  prior  to  nrintinf-.  Tlnis 
a  v;-olo   lino   is  printed  nearly  s  ii^ul  tancousi  y ;  speeds  of  ?)On-lfinn 
lines  ner  i^Mnntc  are  connion ,   as  arc  line  lenpths  of  SO  to  137 
cliarac t er s  . 

IooT>.     Tlie  repot  it"  ions  execiitinn  of  a  series  of  instructions  caused 
^y'^avint^  tl'o  last   instruction  in  the  series  return  tbe  machine  to 
t'.o   first   instruction  in  t)ie  sane  series. 

"acliine    lanrimp(^.    "'^c  lanjuia^^e,  or   instruction  set  tbot  a  cnnTuitcr 
1     cohsVrul"t  oT]'' to  "ujulorstand"  or        af^le  to  porforri. 

*'aynot  ic  core.       data   slorave  dc^vice  based  on  tlio  use  of  a  liijdily 
''^av  rie't  i  (• ,  1  OSS  r^atorial,     capable  of  assuminj'  tvo  or  more 

discrote  states  of  ivaj'^net  i  za  t  i  on  .     *^ee  core_s  to  rape  . 

"aeu^etic  disV.   A   flat  circular  Plate  vritb  a  napnetic  surface 

on'  u"^  Vc^  "  VlVft  a  can  be  stored  by  selective  mapnc  t  i  zat  i  on  of  portions 

of  \].c  surface.     Tt   is  considered  to  he  a  randon  access  storape 

device. 

:':i';netic  drun.      ^  data  storage  device  usinj^  maf',netized  spots  on  a 
ra'^^re  t  i  c  ~r^t  at  i  !n!  c^rum;  i^errits  quasi-random  nicd  iun^-specd  access 
to  anv  part  of  it?  surface. 

^*a^M>etic   inV  c^^aractor_rec(Kvni  t  ^  or  .      f'Trn)  inachine  rccojmition 

o'^"  eb/aracter's' pVi  ntKd"^^*^  tb^^  r^apnFtTc  inV.     fContrast  v;itb  orn]  .  a 
staniKard  application  of  "ire  is  on  chocVs. 

"ai'netic  tape.    '  device   for  storinr  dipital  or  analojiiuc  data  in  thv 
f orr   of  ra nn'et  1 ':ec^  areas  on  a  tane  of  plastic  coated  vitl:  inaj^netlc 
iron  oxide,     f-onerally  considered  to  be  a  sequential  access  storap,e 
do V  i  CO . 

"rai?  t  ir'o  to   fai  iure.  '^be  average  len.rtb  of  tiru^   for  v;bjcli  t!\e 
s'^'s  ter^'/  or' "a'  cb>,n^^  of  tbe  syster,  worVs  vitbout  fault. 

''oT'ory,    \  computer  ^s  stora.^e  device. 

"(M^ory  location.     .^*ee  :'^t  oraj'e_  J  oca  t  i  ori . 

ERiC       <-*i''^*^^<^ond  .  One -PM  1  1  iont  b  of  n  second.         snail  or  rediur 


n .  r.7 


sc'.'Mr  ruMlorn  t'or'pnlcr  c:\v  .'uli^   two  impi'!  rr*.    i  ?^  :\    T^m    «>  i  c  ro':f'rni)t' , 
"  i  1  1  i  ^'r ron  J  .  One  -  t  ^ om'^;i  lul  t  P   f>  i*  ;i   '-'vrM^'.      '  h(    ^:«w>(      r>  ('  ;niv  ili:'i- 
1  1  i  •*.(u*oml-' . 

*'cnitor.      \  !>ro}^.r^n'^  to  siinrrvi.'^o   t^ip  nropor  sp;iuoTicipf  of  vm- 
]^rnrn;'inf   tnsl.s  ly  tl^^  voppptor.      It    is  nn  oxnmi^io  of  copniitor 
sortv:;irc,  and  is  often     cnlleil  nn  operating:  system. 

Xoiioscconj^l .  One  tliousand-ri  1  1  ionth  of  a  s^^cond   fi.o.,  a  ^  Mli^nT^ 
oT"  a  socoikI)  .     A  very   fast,   rodc^rn   romputcr  car^  a<l(^   tvo  nnr^'T:- 
ir    lc'^s   t^rui    \f^^  nanns'H'onc^s , 

*"iM!prical   aJK'Mysis.   '^Vc^  iM'ancb  of  nat^H-naliPs    in  ^^.jc}  f>[)p 
:^tiitllf^s   iIh^  niMT'orical   rM'ocPi'iirps   ncodcu^   I     sril\'/^  "  a tl        t  i  •  :i  ! 
aru^  (Mi<«  i  fK'p  ]' i  n )'   lyvc  nrolh^ns  op  a  cor^pptor. 

''ni^'rical    c^Mitrt^l.      ■   '"oaps  of  coti  t  ro  1  1  i  pr  nai^'  ipo   toc^s  ('mi)' 
'-.c  rvo- (^('''"^'inl  si"'s  niu^  rontrol   rimiiir\',   *-^o  thaf    t^f^  inotions  <  \'< 
tool   will    rosr^oiK^   to  il  i  p  i  1  a  1   coiVd   i  i^s  t  r  net  i  on  c  (^n  tare. 

'''('^'.     ''rMical   c!iaract(^r  mcoiMiiti  op,     *'ncliae   i  <Vnt  i  f  i  cat  i  op 
nripN^t'  characters   ttrour^    nse  of  1  i     t  -  sops  i  t  i  v^c  flovicos.  f((>pMa-.! 
u  i  f  >^  "Tfp-)  , 

^p   lipf^.    ^p  on-1??^o   s\'Stor'  v':iv         cV^fiMocJ  as  opf^   in       i/ii  t^w- 
ipptit    (Tata  enter  t^o  cf>rnMitor     iliroctl)^  Ti-orr  t^n^ir  point  o^  <'T  i'  if^ 
and/or  oiitppt  data   a  rc^   transi'i^ted  di  recti  v  to  viore  t^cr'  ;\rr 
used.      11:0   i  Pt  crniecH  a  t  e  staiM'S  suc^  as  nnnclMi^^  data  opto  end 
or  paper  tape,  writir^;'  nappotic   tape,  or  off-line  rriutiiu',  ;uf 
I  a  rye  1  y  a  vo  i  tied  . 

f'jMi'/a!  v\'irV   rea^ltM*.     .-'^ti   iapiil   flovic^   tliat   reat^s     ran'r  i  1  rarl* 
on  ca  rt^s  or  paj^es . 

^utjMit.        !n  format  ion  u''vic!i  a  conniil  or  systcr'S   tirinsnils  via 
out  nut   device   siicV   as  a   terrMPal,   line  printer,  card  ppnc^^, 

'■'^  U^!-^^^^^^  .^iliL^rr.^'lJ^ '    ^i^cillary  devices  under  tl^o  contri^l  of  t^^ 
'c(^'nt  ra  ]  ?^rocessor,  op..       j-iafvnetic  tape  units,  printers,  er  cari! 
readers. 

"   corpnter   lanf.Mia^'.e  fiesij;ned   for  oropramminp  ^.ot*    sci^^r  - 
tiTic  and  conniorcial   applications.     ^ne  of  tl^o  nore  i^odern 
conn  i  1  e  r  1  anjiuajre s  . 

Process  control,     ^'so  of  a  corn^'ter  syster^  to  control   a  proco^s  , 
s\icir  as'  tip"  or(?r;itiop  of  nart  o^  nn  oil  rofincrv, 

I'ro{'ran-.   A  set   of  coded   inslriictions  to  dircu't  a  comnnter  to 
nerf'orn  a  desired  set  of  operations.     Honorallv  a  r^roprari  is 
desij'.ned  to  solve  a  particular  tyn^^  of  rro^^ler  or     arrv  out  a 
si>oci  find  t  asl  . 

-^p.^^.  r  anr  e  r .    \  person  uho  nre])ares  projirams.     Tint   is,  a  nerson 
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v'm)  TM'(^^^'i r(^^  nrol^lof'  solving  procodnros  niul   flow  cbnrts  nrul  u'bo 
vi;\y  nlso  vritc  nrul  tU^  -f  iif!  prc^jt! rar^s . 

rr<v!M*nr^   lil'rnr>'.     '    li!  rnrv  of  connptor  pro^^rnr^^';   cnc^'  nrojM.'ir' 
il'*  1 1To*  T I  [)V7rry   is  i^osifnod  to  solves  n  covtain  t  y]H!   fclriss)  of 
r  r(^!5 1  . 

I'unr]^  c'.'MN-.     Tl' i  n  rrnx'^  on  whi  c)i  dijMt'^  nrc^   represented  by  1k)1<^s 
in  's(MPOtoil   locations   for     tori  tip  (K')t<i. 

Ptiru'lir  d  J  iTpo .       nnnor  or  plastic  lane  in  vbicb  1'olos  arc  pinuMied 
to'  so  We  *as~n  dij^ital   storaj^c  device. 

PiiiH-'^ed  card.   A  card  piincbo<1  v'it^  n  r^attorn  of  holes  to  represent 
d"atn.  punch  carc^  is  t^c  same  carc^  before  it  is  punched.  In 

botb  crises   tlie  card  is   frcauently  called  an  IR'^'  card  and  occasion- 
ally is  callec^  a  I'ollcrit]^  card.") 

''andon  access.     Access  to  data  storage  in  vbich  tbc  position  fror^ 
wT  ^  cir  i  hTorna  t  i  on  is  to  be  obtained   is  not  dependent  on  tb.e  If^- 
cation  of  tbe  previous  infornation,  o.f.   as  on  magnetic  drmns, 
disks,  or  cores.     Tbe  tine  required  to  access  a  piece  of  infor- 
mation  is  nearly  constant    fncarly  independent  of  the  location  of 
t  b(*   i  J]  f  orr>a  t  i  on  1  . 

time.    ^   real-tiinc  computer  systein  mav  le  defined  as  one  t)  at 
cor^lroVs  r!n  environincMU  bv  recoivinj!  tlata,  nrocossinp  tbern  an<l 
rettirnin.r,  tl^e  results  sufficiently  cuiiclly  to  affect  tlie  func- 
tioning, of  tl^e  environment   at  tbat  time.     nonerally  this  jneans 
that   t},c  cori')uter  responds  to  the  situation  in  a  quite  short 
period  of  tine. 

Kccord.   A  }\roup  of  related  itcrps    fi.c.,   a  prou]^  of  related  ync^ces 
of 'lliTornat  i  on  1  .     ^-rcords  arc,   in  turn,  ^»rouped  topether  to  form 
f i  los . 

^Vonotc  terrinal.       device   for  connuin  cat  inp  with  connntcrs  fron 
•;T"to  s' vVl  c]>"  a  re  pbysicallv  separated   fron  the  computer,  and 
usually  distant  enouj^h  so  t!iat  communications  facilities  such  as 
le1ep!'one   linos  are  used  rather  than  direct  cables. 

l'»^spor\so  tine.   This  is  the  time  the  system  taVes  to  react  to  a 

i  veh' InpijtT    If  a  message  is  Keyed  into  a  terminal  ]y  an  operator 
and  tlie  rc!^l\'   from  the  computer,  vrhen  it  comes,  is  typed  at  the 
s-'inr-  terminal,  resT^onse  tines  r^ay  he  defined  as  the  time  interval 
^  otveen  tlio  operator  pressing  tlie  last  Kcv  and  the  tormina)  typinp 
tbc   first   letter  of  tie  reply.     bor  different  types  of  terminal, 
response  time  may  be  defined  similarly.      It  is  tlie  interval  bctAveon 
an  event  and  t!ic  system's  response  to  the  event. 

;  rc(HK]  v^one rat  i on  computers .   ^  computer  belonj;ing  to  tljo  second  era 
oT' t ec)inorTo^!i  caT  development  of  comptiters  when  the  transistor  re- 
placed tlie  vacuum  tube.     These  vore  prominent   from  IPSO  to  1061, 
anc^  v;ere  displaced  hv  computers  usinp  intepi'nted  circuitry  and 
O  .Ir^rne  scale  interrated  circuitrv. 
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roc|  iir  n  1  i  ;i  1   nccoss.         orocoss  vl^iol^  rnrvists  of  rc^ntMn}'  or  writii;" 

rii'inlnt  ioti,    'l»r   T'fM^'f^*  ^^n  t  n  t  i  or>  of  ri^'\'s  i  c.'i  I    svsf^r"^:  r/nd  f^fi^M^ni- /• 

coDpnt    r   ,  piO(}o  I    ,  or  cn^cr  ounm'ort,     v^r^n    i  n  rf)rr:\'i  t  i  r^r:  {V^cy 
t})c   cnv'pwivr  to  rovr^^'M^ut   fnrtc^rs  of  a  ^ro(•os^,   t^^  corn^ntr^r  pi^- 
iI«ic'o«;    irrorr\Mfion  t^at   rr^'^  r^^     ii  t  s    t^^-'^  T*'^<^iltr   n  J'  tlK-  prorr^S'^. 

roftvaro,       r  ropr^ntor  prof^rap^*  part  of  n  co'^^nutcr  ^yrAcv.     -cmu  rally 
i'ivl(l(^ii   iTito  systrn?  ]M*o,^rars,  nn('  applications  prorrar^j^.  Mthonr^ 
tl'C  tcri"  r>ost  ofton  npplios  to  the  "professionally  written"  jien- 
oral  purpose  programs  in  a  coinpiitcr  system,  it  sonctinies  is  usc^l 
to  ilor^otr  anv  cormnter  prorrari. 

'^on  rc(^  pro^' rai-^ .    \  Tiroprain  tluit  tmisI         translated  into  irac^Mru^ 
lar^jML'MM''  lu^  Hnu^  ns(^  .     '^"^uis,  a  i^roiM-ay  ^'ritton  in  a  nroce^hir'^ 
(>ricnt{M!   lan'Miaiu^   sue!    as  nr  ^'I'^i'^^l    \'onl(^         called   ;i  sniirc- 

pro;'  ynr  . 

''nmyr^   aii>iti:!ry.    ^   pr  r  i  ^»^^' )'a  1    '.tm'ayr  d('\'iiM^   l^af    can   '  tni^- 

i  f  To  rr;i  /  MMi    i  r;   a    fnry'  accv^ta^  I      lo   t '^f^   cnr^pi"r<^r,    r>ncli   a*  "/M^ri'li^^ 

1  ant'   a  iid       y  nr  (  i  c   'M    ^  s  . 

''M-m^  P  ror  rai"    tcu'TMi  t  e  r .    ^   cnTfiputMr   1  !  an  cafi   str^rc^  a  prrMrai'i  in 
its   r  (M'Hi  r  v-    i  .    .  ,    t^.^c   tvnical    r^Oi'fMM^  olectrnnic   d  i  r  i  t  a  1    cfMpnfi  r. 

.j'l'^^n].    ^n   cojmrtipp,   a   c'n'I  ract    r .     ^  )  /i  f    i^.         n]o}^rn1    of   t  ^  c 
cor  T>r  t  r-r  ^  s  rharnct  er  so  t , 

'■■>"<iem.      \\]  asserdlv  of  cor'T>erwMi  t  s  nniff^d  '  \'  sor'o   Torin  of  r(\'MilatfM! 
interdiction  to  forr\  i\v  orpanir.(M]  t.!^(^1p^      M  so  a  collation  of  n]^ - 
cr:it\nv<  :\v<^  ppocerMirc^s  ,  Pen  and  r»;K'^im''s         v^^ic^^  an  iiuUistrial 
nr  iuisine^^-  activity   is  carric'i^  oti  .         coDPUter   is  a  syster^  con - 
of  ^ardvare  and  softvar^^. 

'v.*tcM»s  t'rorran.     T^m^  softvarr*   for  a  coi^puter  systen  r»ay 

cla^'SfMl  as   ^replications  I'rnrrnn^s  am!  ''ystems   ^^roaraP'S,     The  ^^v<\r^v^^\ 

I'rojH'ar  s   inclui'e  a  s  sovd' 1  e  rs  »  coripilors,  nn^  monitors  or 

ope  rati  n)^,  sys  t  ei  ^s  . 

J rJril_!'_?yCJi?Jj^il*    ^   Torr!  of  i  n  forrr^c'it  ion  riandlin}:  i  fi  ts'I.icli  a  data 
processing,  systen  utilizes  t  e  1  econpiun  i  cat  i  on  facilities. 

T'M*rMr>als»  'Hk^  r^eans  ic)>  data  arc  entered   into  the  s^'Stop 

and  I-y  v}:icl  tlio  decisions  of  the  s^'st  op  are  conniuni  cnted  to  t)'v 
environpcnt  it  affects,     ^  variety  of  terminal  devices  l-ave 

heen  huilt,   incliidinj!  t  e  1  e^^r  i  n  t  er  s  ,  special  Veyl'oarcis,  lijl^'t 
displays,  cat^^ocV  tuVes,   t^^'^ rpocoup  1  es  ,  pressure  pauji.es  and 
other   i  ns  t  rupon  t  a  t  i  on  ,  radar  units,   telephones  »  anc^  so  on. 

ihj  rd  ncnerat  i  on  _c"opp_uJej;s .   ^^'opputers  a^m  c1^  use  Inrre  scale 
1  nt'erfaTeTT  cl  rcul  t  rv"aT^<^  ni  p  int  uri  zation  of  copi^onents  to  re- 
place transistors,  reduce  co^^ts,  '-/orV   faster,   and   increase  re - 
I'^^Mlitv.     T'^c  third  reneration  of  copputers  ^-eoan  about   VM-i  . 

ERIC 


11 •n.in 


1  ii'.c— s!i;i  r  hi^! .  A  nrthoi!  of  operation  in  whicl^  u  coiiMMitc^r  facility 
i  s~ 'shhroiri'V  5^0  vera  1   nstM^s  concurrc nt  1  v  . 

TTY.    M^l^  ro  V  i  at  i  on   for  a  To  lotyprwr  i  tor  l:evl>oarJ  tor^^'inal, 

inrnaroinu!   t  i  iiu^ .     '^'br  anount  of  tii'^o  that   i^  ro(inirotl   for  n 
cor'pnVa't  i  ona  r  t  a  si    to  j'ot    from  tlio  proji  rninmo  r  to  tlio  computer, 
onto  the  FU'ichine   for  .xociition,  anc^  ^acl    to  tl^e  proRrariiper  in 
the   form  of  tho  (iosirod  rosnlts* 

\or^i.     A  sot  of  diameters  or  hits  vhicl^  is  l^ancUed  by  the 
computer  circuits  vis  a  unit. 

Vorc!   lonfith.    Tl^.e  number  of  bits  or  diameters  in  a  Kord ,  Hn 
an"  TT.^''"??^Ti' or  MO  copputor  the  Kord  length  is  7^2  bits.     On  a 
Dif.ital  l.quipr'cnt  Corporation  Pni'-U^  the  word  length  is  36 
bits.     Many  mi  n  i  comfiiiters  liavo  v:ord  Ic^np^ths  of  If)  bits. 
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Section  C:     AN  OVERVIPW  OF  COMPUTERS  TK  EDllCATIOM  -  David  Dempster 

Introduction;     Kach  year  more  and  more  schools  are  investing  considerable 
resources  in  the  use  of  computers  for  various  educational  tasks;.    This  arti- 
cle presents  a  qeneral  t  vervlow  of  the  many  ways  computers  are  currently 
used  in  educational  settings  and  what  one  can  exoect  to  see  in  the  near 
future. 

Much  of  the  early  work  in  developing  computers  was  carried  out  by 
universities  and  thus  much  of  the  early  use  of  computers  was  in  an  educa- 
tional environment.    Usage  gradually  soread  from  high  level  research  to 
the  undergraduate  curriculum*     By  the  early  1960 's  the  use  of  computers 
had  extended  down  to  include  some  high  schools.    This  downward  trend  is 
still  continuing  and  is  now  starting  to  make  an  impact  on  elementary 
schools.     Although  the  educational  use  of  computers  lags  several  years  be- 
hind the  use  in  other  fields  (business,  industry,  government)   in  terms 
of  breadth  and  depth,  it  will  have  a  profound  impact  on  education  during 
the  next  decade. 

The  field  of  educational  computing  can  be  separated  into  two  general 
areas — instructional  and  non-instructional.    The  following  diagram  shows 
this  division  and  the  subdivisions  of  each  major  category. 


I       Computers  in  Fducation 

 y  _  _       ^   ^      "  ■ 

Instructional  Use  of  Computers  }      j Non-Instructional  use  of  Computers  I 


Computer 
Assisted 
Instruction 


:   Packaged  |  !  Program 

I   Programs  |  ;  Construction 

i  I  ' 


Administrativc- 
Tasks 


Ancillary/ 
Tacks 


The  major  characteristic  used  (for  the  purposes  of  this  article)  to  deter- 
mine in  which  category  a  given  educational  task  is  placed  is  that  of  who 
interacts    directly  with  the  computer.     If  a  student  submits  programs  and/or 
data  to  the  computer  and/or  receives  output  from  the  computer,  the  the  use 
is  considered  instructional.     Otherwise,  it  is  non-instructional, 

Instruetional  Use  of  Computers.    The  instructional  uses  of  computers  is 
slowly  becoming  a  re  tHty  in  education.    Computer  facilities  for  students 
are  already  quite  coi.ViOn  in  higher  education  and  are  becoming  more  common  in 
secondary  schools.     In  Oregon,   for  example,  approximately  3/4  of  the  high 
school    students  attend  high  schools  that  have  (at  least  some)  instructional 
computing  facilities.    Typically  this  is  one  or  two  time-shared  terminals  in 
a  School  of  1000  to  2000  students.     At  this  time  facilities  in  elementary 
Schools  are  scarce.    Because  the  applications  of  computers  to  instructional 
problems  are  almost  unlimited,  however,  the  use  of  computers  will  continue 
to  grow. 

A  good  way  to  look  at  instructional  uses  of  computers  is  to  classify 
them  on  the  basis  of  student  knowledge  required  to  use  the  computer.  Very 
little  knowledge  is  required  for  certain  types  of  comnuter  assisted  in- 
struction (CAI)  or  testing  students  with  computers.     Rven  first  graders 
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have  been  tauqht  to  interact  with  a  computer,     A  good  example  of  this  is 
provided  by  the  CAI  materials  of  Pat  Sappes  of  Stanford  University. 

At  a  somewhat  mora  sophisticated  level  we  have  the  students  U9in<| 
packaqed  ("canned")  proqrams  (programs  developed  by  someone  else)  to 
solve  problems  and  study  some  situation  or  process.     In  these  cases  the 
program  is  supplied  by  "experts"  and  the  student  runs  and  interacts  with  it. 

At  a  higher  level  of  student  knowledge  we  have  the  student  actually 
creating  and  running  his  own  programs.     Moat  of  the  current  instructional 
use  of  computers  at  the  secondary  school  level  is  of  this  type. 

Computer  Assisted  Instruction  (CAI)  ;    One  can  think  of  CAI  as  a  delivery 
system.     (See  Chapter  V  of  this  Handbook  for  a  more  detailed  discussion  of 
CAI.)     It  competes  with  books,  television/  movies,  filmstrips,  slides,  video 
and    audio  tapes,  teacher  lectures,  etc.    The  typical  CAI  setup  involves 
a  computer  terminal  hooked  to  a  computer  (often  via  a  telephone  line) .  The 
terminal  may  include  both  audio  and/or  video  capabilities.    The  key  concept 
is  one  of  interaction  between  the  student  and  the  CAI  system.    This  allows 
both  good  and  rapid  feedJ^ack  to  students,  and  the  individualization  of  the 
learning  activities.    The  system  can  keep  accurate,  detailed  records  of  many 
students  at  one  time. 

CAI  in  the  past  has  been  examined  in  a  few  major  projects,  such  as 
those  at  Stanford,  tiniversity  of  Texas,  and  University  of  Illinois.     In  ad- 
dition to  such  major  projects  there  have  been  many  small  CAI  projects  (usu- 
ally just  drill  and  practice)  that  individual  teachers  or  schools  have  de- 
veloped.   This  grass-roots  develoment  stems  from  the  fact  that  small,  sim- 
ple CAI  svstems  are  relatively  easy  to  construct.     Most  of  this  activity 
is    under  the  heading  of  research  and  development.     Some  CAI  systems  have 
been  fairly  well  tested,  and  have  proven  to  be  competitive  with  other  sys- 
tems as  far  as  student  learning  is  concerned.     By  and  large  CAI  has  been  (is) 
more  expensive  the^z.  traditional  educational  delivery  svstems. 

Continued  research  and  development  in  the  field  of  Computer  Assisted 
Instruction,  along  with  decreases  in  the  cost;  of  computer  hardware,  are 
making  CAI  more  cost/effective.    Already  the  estimates  of  the  costs  of 
CAI  in  a  large  modern  system  are  on  the  order  of  50<^  per  hour  of  student 
usage.    Although  this  is  expensive  when  compared  to  just  a  textbook  and  a 
teacher  (less  than  30<f  per  hour  at  the  pre-college  ptiblic  school  level)  one 
must  keep  in  mind  the  anticipated  advantages  of  a  sound  individualized  pro- 
gram with  rapid  feedback  and  evaluation.    As  the  cocts  of  CAI  decrease  and 
the  advantages  of  the  approach  are  proven  CAI  may  eventually  replace  cer- 
tain traditional  delivery  systems.     It  is  worth  noting  that  the  cost  per 
hour  of  a  modern  CAI  system  is  considerably  below  the  cost  of  many  special 
education  nrograms  for  slow  learners,  handicapped  students,  etc,    CAI  is 
already  cost  effective  in  more  expensive  higher  education  programs  such  as 
medical  schools. 

Teachers  and  administrators  need  to  keen  an  open  mind  concerning  CAI. 
They  should  compare  and  contrast  it  against  other  delivery  systems  when  it 
becomes  available.     Since  CAI  may  replace  and/or  supplement  some  classroom 
activities,  teachers  need  to  learn  how  to  make  effective  use  of  this  new 
educational  tool. 
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Packaged  Programs:      A  packaged  program  is  a  computer  program  which  has 
been  prepared  by  some  "expert"  to  perform  some  specific  task.    There  are 
two  general  classes  of  packaged  programs.     They  are  1)  those  which  perform 
a  task  for  the  user  and  2)  simulations,     (See  Chapter  IV  of  this  Handbook 
for  a  more  detailed  discussion  of  these  topics.) 

There  are  a  great  man/  computer  programs  developed  by  "experts"  to 
perform  tasks  that  "non-experts"  want  done  but  lack  the  ability  or  time  to 
do.     For  example,  there  are  many  statistical  packages  which  oerform  stat- 
istical procedures  on  a  set  of  data,  such  as  test  scores.     All  the  user 
needs  to  do  is  to  supply  the  data  which  needs  to  be  processed.  Another 
example  would  be  a  package  which  would  solve  certain  types  of  mathematical 
equations.     Both  of  these  examples  free  the  student  from  the  "grind*'  work 
and  allow  him  to  use  the  results  of  procedures  which  would  otherwise  be 
unavailable  to  him. 

Computer  simulations  are  a  type  of  packaged  program  which  allow  stu- 
dents to  experience  situations  and  problems  not  normally  available  in  the 
schools.    A  simulation  is  a  computer  program  which  usually  involves  sev- 
eral parameters  which  the  student  can  manipulate  for  the  purpose  of  seeing 
how  the  changes  affect  the  outcome  of  the  program.     For  excimple,  a  computer 
program  can  simulate  the  process  of  pollution  of  a  river.    The  parameters 
might  be  the  types  of  sewage,  the  tyne  of  treatment  the  i;ewage  receives 
before  it  is  dumped  into  the  river,  the  temperature  of  the  water,  and  the 
anK)ant  dumped  into  the  river  each  day*     Jhe  student  has  control  of  these 
parameters  and  may  experiment  to  see  how  they  interact  with  one  another 
and  affect  the  result.     (The  Huntington  II  project  has  produced  such  a 
simulation;  it  is  called  POLUT,  and  is  written  in  BASICJ 

Computer  simulations  range  in  size  and  complexity  from  rather  small, 
simple  ones  (such  as  simulating  the  height  of  a  bouncing  ball)  to  large, 
complex  ones  (such  as  one  recently  developed  to  simulate  the  buying  habits 
of  the  American  consumers).      The  Huntington  II  project  (Polytechnic  In- 
stitute of  Brooklyn)  is  developing  a  sequence  of  excellent  simulations 
written  in  BASIC,  and  designed  for  instructional  use.     Hiese  are  being  dis- 
tributed commrircially    by  Digital  F:quipment  Corporation. 

At  present  there  is  little  research  about  the  use  of  packaged  programs 
the  curriculum.    Although  there  are  many  articles  expounding  the  advan- 
tages of  packaged  programs,  especii^lly  simulations,  there  is  little  valid 
research  evidence  to  be  found  in  Uie  literature*    With  resoect  to  packaged 
programs  there  are  a  number  of  things  educators  need  to  know.     1)  no  they 
lead  to  a  more  rapid  assimilation  of  "facts"?    2)     Do  they  deepen  a  stu- 
dent^s  understanding  of  a  subject  or  process?    3)     Do  they  assist  students 
in  solving  problems  that  were  previously  too  difficult  for  them  to  solve? 
4)     Do  they  affect  a  student's  attitude  about  a  subject  and/or  school? 
There  are  a  host  of  other  questions  that  need  to  be    answered.  Part  of  the 
difficulty  in  doing  the  research  is  to  separate  clearly  the  cause-effect  re- 
lationship.    Also,  the  comput  -        so  new  to  the  curriculum  that  the  no- 
velty of  using  it  may  obscure    nat    s  really  happening.    Another  problem  is 
that  many  of  the  advantages  cla  -ned    'or  packaged  programs  lay  in  the  area 
(problem  solving,  attitudes  and  un^   rstanding)   ^n  which  changes  are  extremely 
difficult  to  assess  with  present  evaluative  instruments. 
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As  computers  bocome  more  readily  available  to  teachers  and  students^ 
the  use  of  packaged  programs  will  expand  rapidly.    As  the  use  of  packaged 
programs  expands  it  will  be  necessary  for  teachers  to  constantly  re-evalu- 
ate their  current  classroom  activities  to  deterrrvine  if  the  use  of  packaged 
urograms  can  aid  their  overall  instructional  program.    In  addition,  the 
goals  of  instruction  may  need  to  he  evaluated  in  light  of  the  greater 
range  of  concept3#  generalizations  and  procedures  packaged  programs  make 
available. 

Program  Construction;    Program  construction  (programming)  requires  the 
highest  level  of  student  knowledge  cibout  computers,     (See  Chapter  III  of 
this  Handbook  for  a  more  detailed  discussion  of  ideas  related  to  teaching 
comnuter  programming.)    At  this  level  the  student  actually  has  control 
over  what  the  computer  does  and  how  it  goes  about  doing  it.  Computer 
prograiT>ming  is  much  more  than  just  coding  instructions  in  some  computer 
language  that  is  acceptable  to  a  given  computer.    The  following  steps 
give  a  general  idea  as  to  what  one  needs  to  do  in  order  to  use  a  computer 
to  solve  a  specific  problem. 

1.  Clearly  define  the  problem. 

2.  Analyze  the  problem  and  determine  the  most  feasible  method  of  solu- 
tion, keeping  in  mind  what  a  comouter  is  capable  of  doing. 

3.  Design  a  solution,  usually  in      very  general  terms  so  all  simi- 
lar problems  can  also  be  solved  with  the  same  program  or  with 
slight  modifications. 

4*    Code  the  solution  into  some  programming  language* 

5.  Enter  the  program  into  the  computer  along  with  the  appropriate  data. 

6.  Debug  the  program  for  logical  and  syntax  errors. 

7.  Run  the  program  to  solve  the  problem. 

8.  Analyze  the  results  in  light  of  the  original  problem. 

These  steps  show  all  the  traditional  aspects  of  problem  solving  with  a  new 
dimension  of  using  the  computer. 

Computer  programming  is  often  introduced  into  the  curriculum  for  one  of 
two  reasons.     First,  it  may  be  the  subject  of  study  in  its  own  right.  This 
may  be  a  one  term,  semester,  or  year  course  taught  in  the  science  or  mathe- 
matics department.     The  major  goals  are  to  be  able  to  progreun  the  computer 
in  some  language  and  learn  eO:>out  how  computers  function.     The  second  type  of 
introduction  to  computer  programming  is  for  the  purpose  of  giving  the  students 
a  powerful  tool  to  use  in  the  otudy  of  some  subject  such  as  science,  mathe- 
matics, or  business.     In  this  aspect  program  construction  is  tied  directly 
to  some  existing  part  of  the  curriculum  to  enhance  the  learning  of  that 
subject.     The  ''Colorado  Project",  a  2nd  year  algebra  and  trig  course,  is  a 
good  example  of  this. 

To  be  able  to  offer  comyjuter  programming  in  a  school  it  is  necessary  to 
have  1)  a  teacher  who  can  program  a  computer  in  a  language  which  is  suit- 
able for  students  and  2)  access  to  some  computer  facilities.  It  is  possible 
to  "write"  programs  by  sorting  a  stack  of  prepunched  cards  containing  a  var- 
iety of  commands,  and  then  submit  these  programs  via  ns  mail  to  a  computer. 
This  would  be  an  example  of  computing  using  ultra-minimal  facilities.  Better 
facilities  would  include  a  keypunch,  better  access  to  a  computer,  or  time- 
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shared    terr^inals-     The  most  conmon  instructional  comnuter  access  now-a- 
days  in  the  public  school  is  a  time-shared  terminal. 

As  in  the  case  of  prepackaged  proqrams  there  is  little  research  hack- 
ing un  the  claims  of  the  enthusiasts  for  teachiaq  computer  nrogram;ilinq . 
Two  questions  which  are  especially  in  need  of  more  research  arc:     '*Are  stu- 
dents who  have  learned  to  oroqram  the  comnuter  better  nrohlem  solvers 
when  the  computer  is  not  available  than  those  who  have  not  learned  to  pro- 
gram?'*    and  "Do  students  learn  a  subject  better  because  they  have  learned 
to  Construct  computer  proqrams  for  the  study  of  that  subject?"    Note  that 
we  do  not  dispute  the  fact  that  students  can  be  tauqht  to  program  a  computer, 
^nd  that  this  may  be  a  useful  skill  in  its  own  right. 

Teachers  need  to  examine  their  already  crowded  curriculum  in  liqht  of 
the  anticioated  advantages  of  problem  construction  to  determine  if  pro- 
gramiminq  is  worth  implementing.     If  they  decide  it  is  worth  implementing 
then  they  need  to  determine  how  and  where  such  implementation  should  take 
place. 

Instructional  Facilities:    To  some  extent  the  tyoe  of  facilities  available 
in  the  school  will  determine  the  type  of  instructional  uses  to  which  the 
cortputer  can  be  put.     It  is  necessary  to  understand  the  two  general  types 
of  facilities  and  what  can  be  done  on  each  before  thes  relationshin  is 
clear.     The  two  general  types  of  facilities  are  "batch*'  and  "on-line". 

Batch  systems  usually  consist  of  a  comnuter  with  a  card  reader  for 
input  and  a  line  printer  for  output.     Programs  are  submitted  to  an  operator 
who  runs  the  programs  through  the  comnuter  at  a  convenient  time.    The  results 
arc  returned  to  the  user  at  some  later  time.     Often  there  is  a  delay  ranging 
from  a  few  minutes  to  several  days.     The  facilities  may  be  located  several 
n^iles  away  from  the  school  or  may  be  relatively  close  by. 

Obviously  the  proc|rammer  cannot  personally  interact  with  the  computer. 
If  there  are  errors  in  the  program  or  changes  the  programmer  wants  to  make 
then  he  must  wait  and  resubmit  his  program.     The  two  main  characteristics 
of  the  batch  system  are  the  inability  of  the  student  to  interact  with  the 
computer  directly  and  the  rather  long  time  between  the  submission  of  the  pro- 
gram and  receiving  the  computer  outnut. 

"On-line"  or  interactive  computer  facilities  consist  of  a  computer 
and  some  sort  of  terminal  (connected  to  the  comnuter)   such  as  a  teletype-wri- 
ter.    The  computer  system  may  be  a  one  terminal  minicomputer  or  a  time-shared 
system.     A  terminal  usually  serves  as  both  input  and  output  device.  It 
must  be  located  in  an  area  where  students  can  have  access  to  it  (such  as  a 
classroom) .     However,  the  computer  may  be  several  miles  or  even  hundreds  of 
miles  away,  connected  to  the  terminal  by  woiy  of  a  telephone  hook-up.  This 
set-up  functions  as  if  the  computer  were  in  the  same  room  with  the  users. 
In  the  following  paragraphs  we  shall  examine  batch  and  on-line  systems 
in  terms  of  their  suitabilitv  for  instructional  purposes. 

A  key  consideration  in  a  batch  system  is  the  turn-around  time*  That 
is,  how  long  does  it  take  to  get  a  program  run.     If  it  is  a  few  minutes 
or  less  (which  is  standard  at  some  universities)  the  system  is  much  more 
suited  to  insttuctional  use  than  if  the  turn-around  time  is  *'overniqht" 
or  several  days. 

er|c 


II. C. 6 


Catch  processing  has  been  (still  is)   thf>  major  irkode  of  computing  at 
colleges  and  universities.    Thus  most  computer  programmers  received  their 
initial  training  in  this  tx>de,  and  most  textbooks  are  written  to  facilitate 
this,     A  major  problem  with  teaching  comput-er  programming  on  a  batch  sys- 
tem is  that  of  keeping  the  students  involved  in  constructive  learning  acti- 
vities while  they  are  waiting  for  the  return  of  their  programs.    A  "feed- 
back" delay  of  several  hours  or      vs  is  discouraging  to  most  students. 
Ancther  problem  might  be  the  language  available  on  the  system.  The 
most  common  programming  languages  available  for  batch  systems  and  suit- 
able for  students  are  FORTRAN  and  COBOL.    BASIC,  which  is  currently  the 
most  popular  for  teaching  students  at  the  secondary  level,  is  usually  not 
available.     (Note  that  this  need  not  be  the  case.    Batch  processing 
BASIC  systeins  do  exist  on  some  computers.) 

Batch  systems  are  not  suitcible  for  running  computer  assisted  instruc 
tion  (CAI)  packages  because  of  the  need  for  immediate  interaction.  How- 
ever, batch  systems  are  quite  suited  to  the  running  of  most  packaged  pro- 
arams.    Most  batch  computer  systems  have  extensive  libraries  of  packaged 
programs. 

If  the  facilities  are  "on-line'*  then  all  three  of  the  instructional 
uses  can  be  implemented  to  some  extent.     However,  sophisticated  CAI  sys- 
tems require  quite  a  bit  of  auxiliary  storage  which  may  or  may  not  bo 
available  on  a  given  computer.    Program  construction  requires  very  little 
in  the  way  of  size  and  can  be  implemented  as  long  as  a  suitable  language 
is  available.     Packaged  programs  can  be  used  with  minimum  facilities  also. 
There  may  be  a  few  packaged  programs  which  are  too  large  for  a  very  small 
computer,  but  there  are  still  a  large  number  which  can  be  used* 

As  mentioned  in  the  section  on  CAI  the  individual  student  use  of  a 
computer  terminal  is  expensive.     A  somewhat  limited  time-shared  facility 
(such  as  the  Hewlett-Packard  2000  series)  costs  about  $4000  per  terminal 
per  year.     The  lease-purchase  of  a  more  limited  system,  such  as  a  PDP-8 
with  one  terminal  will  cost  in  the  range  of  $2000  to  $3000  per  year.  Few 
schools  can  afford  very  many  terminals.    The  lack  of  terminals  croites  prob- 
lems in  that  students  are  rather  slow  at  using  the  terminals.    Only  a 
limited  number  of  students  can  use  one  terminal    in  a  richool  day.  One 
major  task  of  teachers  planning  on  implementing  instructional  use  of  compu- 
ters is  to  assess  their  facilities  and  situation  and  come  up  with  a  solu- 
tion to  this  problem. 

Ideally,  educators  would  determine  what  type  of  instructional  compu- 
ter facilities  they  needed  on  the  basis  of  the  tasks  that  needed  to  be  per- 
formed.    Realistically r  instructional  computer  facilities  are  often  pro- 
vided somewhat  independently  of  clearly  defined  needs.     In  such  situa- 
tions the  nature  and  the  extent  of  the  facilities  determine  the  type  of 
instructional  use  which  may  bo  implemented  rather  than  the  use  determining 
the  facilities.     Unfortunately,  this  situation  will  exist  in  many  schools 
for    some  time  to  come. 

The  Computer  is  Coming— Eventually;      The  great  majority  of  public  schools 
{grades  K-12)   in  the  United  States  have  no  comnutor  facilities  available 
for  instructional  purposes.     In  some  areas  (large  metropolitan  areas,  cer- 
tain states)  the  situation  at  the  secondary  school  level  is  better.  In 
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oreqon,  for  oxamploi  about  half  of  all  aocondaxry  schools  have  some  comnn- 
ter  access.     Typically  this  is  provided  via  one  or  two  timcshaxred  (on- 
line) terminals  in  a  school.     That  is,  even  in  schools  that  do  have  com- 
puter access  for  instructional  purposes,  one  terminal  oer  500-1000  stu- 
dents is  common. 

There  are  many  reasons  for  the  current  paucity  of  computer  facili- 
ties in  the  oublic  schools.     Major  ones  include  hicjh  costs,  lack  of  adequa- 
tely trained  teachers  to  use  computer  facilities,  and  lack  of  approoriate 
curriculum  materials.    We  will  discuss  each  of  these  briefly. 

The  issue  of  cost  is  a  fundamental  one.     It  was  not  too  many  years 
aqo  that  cost  of  timeshared  computer  facilities  was  approximately  $20-$2S 
per  hour  of  usage.     Currently  a  modern  timeshared  system  designed  for  stu- 
dent usage  could  provide  service  at  approximately  $l-$3  per  hour  of  student 
use.    The  cost  of  computer  hardware  has  been  decreasing  rapidly  for  a 
number  of  years.     Put  differently,  the  price/performance  ratio  has  decre- 
ased ranidly,  and  anpears  likely  to  continue  to  do  so.     It  seems  to  be  a 
common  estimate  that  this  ratio  will  decrease  steadily  during  the  next 
ton  years.     It  seems  to  be  a  safe  prediction  that  by  ten  years  from  now 
almost  every  secondary  school  will  be  able  to  afford  to  provide  their  stu- 
dents with  computer  facilities  that  will  he  judged  excellent  compared  to 
what  is  available  in  the  best  of  situations  today. 

The  teacher  training  problem  is  one  that    will  take  many  many  yearn 
to  overcome.     Currently  we  have  relatively  little  insight  into  the  level 
of  computer  knowledge  that  is  needed  by  teachers  at  various  levels  and  in 
various  disciplines.     For  example,  the  equivalent  of  a  bachelor's  degree 
in  mathematics  is  considered  desirable  for  the  secondary  school  mathe- 
matics teacher.     How  much  training  in  computer  science  does  this  teacher 
need  if  she  is  to  teach  computer  programming  or  to  supolement  the  conventional 
content  of  her  course  by  the  use  of  nackaged  programs? 

Few  states,  school  districts,  or  schools  have  comprehensive  nlans  and/or 
goals  for  computer  education  for  their  teachers.     ?uch  a  plan  would  take  into 
consideration  in-service  programs,  summer  programs,  sabbatical  year  pro- 
grams, etc.     It  would  also  set  desirable  pre-service  training  criteria  ^or 
new  teachers.     The  absence  of  such  plans  in  schools  and  districts  that 
have  invested  heavily  in  comouter  hardware  is  particularly  distressing. 
However,   it  is  clear  that  considerable  orogress  is  beinq  made.  In-service 
courses  are  regularly  offered  in  many  of  the  larger  population  areas  whoso 
public  schools  have  computers  for  instructional  purposes.     Pre-service  mathe- 
n^atics  education  majors  tend  to  take  some  computing  courses,  even  when  they 
are  not  required.     A  few  schools,  such  as  Illinois  Institute  of  Technology 
and  the  University  of  Oregon  have  established  computer  ^rcience  education 
master 'i>  degree  programs.      The  more  progressive  graduate  orograms  in  educa- 
tion are  making  computer  education  courses  available  to  their  students. 

Finally  let  us  discuss  curriculum  materials.     A  good  place  to  look  is 
at  the  higher  education  level.     Ten  years  ago  there  was  little  but  some 
introductory  computer  programming  texts,  and  books  on  numerical  analysis. 
There  was  little  idea  as  to  what  courses  night  be  offered  in  comouter  sci- 
ence, or  what  the  content  should  be.     Mow  there  are  many  well  established 
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dooi'eo  proqrama  in  contputer  science.     Comprehensive  curriculum  plans  (for 
example,  "Curriculum  68")  have  been  developed  and  widely  disseminated, 
Mew  books  at  all  levels  have  been  published. 

It  3eem;5  likely  that  the  riamo  Lhinq  will  hanpen  at  the  public  ^school 
level  In  years  to  come.     As  computer  facilities  and  trained  teachers  be- 
come ava.^-lable  to  the  schools^  some  degree  of  uniformity  or  stability  in 
computers  in  the  ^r'lrriculum  will  develon.    Kxistinq  books  will  be  rovi<jed 
to  take  advantage  of  the  computinq  facilities,  and  many  new  books  will  be 
written  specifically  for  this  market.     In  the  area  of  packaged  programs  we 
can  expect  to  see  large  numbers  of  nrograms  available  on  the  market  to  do 
most    anything  needed.     H^iese  will  be  of  a  higher  quality  than  that  of 
those  available  today. 

To  conclude  this  section,  we  auggof^t  that  teachers  and  schools  should 
look  to  the  future  as  far  as  computers  in  education  are  concerned.  The 
barriers  are  being  overcome;   the  computer  will  arrive — eventually. 

non-Instructional  nse  of  Computers 

The  non- instructional  use  of  corf>utc;rs  in  schools  is  much  more  preva- 
lent than  instruc\:ional  use*     Although  there  are  exceptions  to  this  in 
higher  education,  there  are  few  exceptions  at  the  secondary  or  elementary 
levels.     The  main  reason  for  this  i-s  ^haf:  the  computer  har  proven  itself 
valuable  for  many  non-instructional  task^;  schools  are  more  likely  to 
acquire  computer  facilities  for  the  staff  (especially  administrators)  use 
than  for  students  to  use. 


The  non-instructional  use  of  connutcrs  can  be  separated  into  two 
areas --administrative  and  ancillary.     The  administrative  use  is  concerned 
with  running  the  "business"  end  of  the  schools.    T^\e  ancillary  use  is  a 
catch-all  category  for  those  uses  which  ^^re   lot  clearly  administrative  nor 
instructional.     We  will  discuss  both  careqories  (see  Cl'iapter  VII  for  a  de- 
tailed discussion  of  administrative  uses  of  computers.) 

Administrative  Tasksr     The  use  of  the  computer  by  the  administrative  division 
of  a  School  system  parallels  the  use  in  many  modern  businesses  or  industries. 
The  computer  is  used  primarily  in  the  operation  and  management  of  the  schools. 
That  is,  it  is  used  to  keep  track  of  masses  of  detailed  information,  and  to 
produce  reports  that  are  needed  on  a  periodic  basis.     It  does  the  normal 
tasks  more  quickly  and  efficiently  and,  therefore,   is  usually  easy  to  cost 
justify.    The  following  list  presents  some  of  the  ways  computers  are  put 
to  use:     payroll;  accounts  payable;  generatinq  reports  for  state,  federal, 
and  local  agencies;  test  scoring;  class  scheduling;  attendance  records; 
personnel  files;  grade  reporting;  material  inventory;  and  other  normal  ac- 
countina  routines. 


C\irrcntly  this  is  the  most  common  use  of  computers  in  the  educational 
setting.     Eventually  one  can  expect  that  the  computer  will  become  more  of  a 
"management  information  system"  and  more  inovative  aoplications  will  be  ex- 
oloited.     For  example,  the  computer  will  be  used  to  assist  administrators 
to  evaluate  the  instructional  process  in  the  schools  by  providing  ua-to-date 
2'esults  of  testing  programs,  use  of  facilities  and  personnel,  etc. 
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Havinq  a  wealth  of  information  at  his  finqertips,  the  administrator  will 
be  able  to  make  his  decisions  from  a  sound  data  base,  and  thus  make  better 
decisions  reqardinq  the  planninq,  implementinq,  and  evaluation  of  hiqh 
quality  education. 

Ancillary  Tasks;     There  are  several  uses  of  the  computer  which  are  not  in- 
structional (the  student  does  not  interact  with  the  computer)  and  not  admin- 
istrative (an  administrator  is  not  involved) ,     Txamnles  of  such  ancillary 
uses  include  teachers  using  the  computer  to  holn  in  the  management  of  in- 
struction, coun5elors  using  the  computer  to  assist  students  in  making  deci- 
sions, and  librarians  using  the  computer  to  assist  students  in  research.  In 
these  cases  the  computer  is  used  to  support  the  personnel  of  a  school  who 
are  in  direct  contact  with  the  students.    We  will  briefly  discuss  each  of 
the  three  examples  mentioned  to  provide  more  insight  into  the  general  area  of 
ancillary  uses  of  the  computer. 

CMI  (Computer  Managed  Instruction)  can  be  thought  of  as  an  automated 
teacher  aide.     (See  Chapter  VI  for  a  detailed  discussion  of  this  topic.) 
There  are  a  variety  of  CMI  systems  doing  many  different  tasks  in  sunnort  of 
the  teacher.     In  one  system,  the  teacher  uses  it  to  store  and  retrieve  in- 
formation regarding  some  specific  student  or  qroup  of  students.     For  examnle, 
the  teacher  may  want  to  keep  track  of  each  student's  progress  in  a  reading 
program,  what  his  test  scores  were  for  that  year,  what  units  he  should  study 
next,  and  how  fast  his  progress  has  been.     Along  the  same  lines,  it  Is 
possible  to  have  a  system  correct  and  process  a  diagnostic  test  and  print 
nut  a  list  of  suggested  goals  for  that  student  based  on  her  test  results, 
and  print  out  a  list  of  suggested  references  for  her  to  study.     In  this  age 
of  stressing  individual  differences  and  Individualized  instruction  the  use 
of  computer  managed  instruction  is  apt  to  grow  very  rapidly. 

There  are  roany  lew  Ideas  regarding  the'use  of  computers  to  assist  coun- 
selors.      Two  examples  which  are  currently  being  tried  out  are  1)  using 
the  tremendous  storage  capacity  and  the  speed  at  which  information  can  be 
Searched  and  sorted  to  assist  counselors  In  helping  a  student  find  the  most 
appropriate  college  or  trade  school  or  reelect  a  possible  career  area,  and 
2)    using  the  computer  to  handle  student  records  so  that  the  counselor  can 
keep  track  of  a  large  number  of  students  with  a  speed  and  precision  which 
woulr^.  otherwise  no    be  possible.    These  two  ideas  by  no  means  exhaust  the 
uses  currently  being  tried  out,  but  they  are  representative  of  the  efforts. 

The  use  of  the  comiputer  by    librarians  to  assist  students  In  research 
is  a  new  area  of  computer  application  in  the  schools  but  is  not  without 
precedent  In  other  fields.    There  are  several  rather  large  projects  in  the 
process  of  storing  large  amounts  of  information  in  computer  files  so  tiiat 
search  for  certain  groups  of  items  can  be  done  by  a  computer  program.  One 
such  project  (the  ERIC  system--see  the  section  on  information  retrieval  In 
this  Handbook)  attempts  to  store  Information  regarding  educational  articles 
published  each  month  in  such  a  way  that  one  can  ask  for  a  list  of  all  the 
pertinent  literature  on  a  specific  topic  (such  as  primary  level  individuali- 
zed reading  programs)  and  receive  a  listing  of  relevant  publications  and/or 
abstracts  of  them.    This  can      provide  a  research  service  that  cannot  be 
duplicated  by  hand  unless  one  has  access  to  a  rather  large  college  or 
university  library  and  a  lot  of  heln*    Similar  systems  are  possible  for 
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librdrios,  but  it  will  be  some  time  before  it  will  happen, 

Althouqh  these  tanks  are  currently  classified  as    ancillary^  thev 
^re  very  closely  related  to  instructional  ur.e.     The  only  major  difference 
IS  that  currently  the  delta  received  from  the  conputor  is  not  qiven  to  the 
student  directly.     It  first  qoes  to  some  staff  member  who  in  turn  qives  it 
to  tho  student.     In  the  future  we  may  reclassi fy  these  tasks    as  instruc- 
tional because  the  information  will  be  qiven  directly  to  the  student. 

The  ancillary  uses  of  computers  is  reccivinq  more  atttintion  in  the 
last  couple  of  years  and  should  be  exoected  to  qrow  raoidly.     One  reason 
for  this  is  that  the  equipment  necessary  for  many  of  the  uses  already 
exists  in  the  administrative  offices  of  the  school.     It  is  relatively  easy 
in  many  cases  to  extend  the  user  base  to  include  the  school's  teachers. 
Kxtendinq  the  base  to  allow  larqe  numbers  of  students  to  use  the  system  is 
more  difficult. 

Conclusion ;     Realistically,  there  are  no  clear  lines  dividing  the  many  wavs 
computers  can  bo  used  in  schools*     The  criteria    used  in  separatinq  one  area 
from  another  was  somewhat  arbitrary,  but  convenient  for  purposes  of  explana- 
tion.    The  whole  field  forms  more  of  a  continum  ranqing  from  the  most 
business-like  administrative  use  to  the  students  learning  computer  program- 
minq.     A  qiven  task  may  lie  in  several  areas  at  one  time.     For  exaunplc,  stu- 
dents could  be  tested  with  a  computer  on  some  aspects  of  the  curriculum 
and  the  results  qiven  to  1)  administrators  so  they  could  make  lonq  ranqo 
plans  regarding  curriculum;  2}  teachers  so  they  could  plan  classroom  acti- 
vities to  fit  the  class  or  student;  'i)  st\idents  so  thoy  could  make  more  real- 
istic decisions  regarding  their  choice  of  classes;  and  4)   counselors  so  they 
may  assist  students  in  planninq  their  post  high  school  experiences.     As  the 
'-^se  of  the  computer  becomes  more  widespread  we  can  exnect  many  similar 
applications  to  be  developed  and  implemented, 

mentioned  before,  there  is  a  lack  of  much  valid  research  concerning 
the  use  of  the  computer  for  certain  tasks.     Hcywever,  the  lack  of  research 
ir  supoort  of  computers  does  not  mean  that  the  ideas  are  invalid.     On  the 
contrary,  there  is  a  large  body  of  **opinion"  that  supports  the  use  of  com^ 
outers.     The  problem  seens  to  lie  in  the  newnesr:  of  computers  in  educational 
settinas  and  the  difficulty  in  generating  oblective  research  data  concerning 
the  results  of  using  computers.     F^lowly  this  void  will  be  filled,  but,  like 
many  ideas  in  education,  it  takes  a  considerable  amount  of  time. 

The  use  of  the  computer  in  education  will  continue  to  qrow  and  influence 
the  public  school  curriculum  and  administration. 

1.  Allen  r  .  and  Bushnell,  n.,  editors.     The  Computer  in  American  Education. 
Mow  Vork:     John  Wilcv  and  Sons,  1067. 

2.  Curriculum  Recommendations  for  Academic  Programs  in  Computer  Sci- 
ence.    Communications  of  the  Association  for  Computing  Machinery,  Vol.  11, 
itl  (1968). 


STsoncer,  Donald  D.  The  *^omnuter  Goes  to  School.  Association  for  Fduca- 
tional  Data  Systers  (AFDS)  Journal,  Vol.  4,  #1  (1970)  pn  3-31. 
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srcTinN  1):    w\  nsf'  rnvptrri'Ps  in  rnncATioN? 

Havi cl  Mon r sund 


!  ntjoctuctjj)!!     Tins  nrticlo  could  be  a  long,  involved  discussion 
6T*pTuT6'sopKica  1  questions  related  to  education  as  a  whole,  and 
the  role  computers  can  play  in  tl^e  entire  process.  Previous 
attempts  by  this  autlior  to  write  sucli  an  article  have  been 
''destroyed''  by  his  colleagues.     Thus,   in  this  article  v/e  shall 
restrict  our  attention  to  a  few  of  tlie  essential   ideas  and 
''sel  f"  evident"  truths.     The  result  will  be  a  relatively  short 
discussion  of  a  few  of  the  key  asnocts  of  usinp  computers  in 
education. 

(Computers  in  Society    At  the  current  time,  there  are  over 
10n,T)00  computers  in  existence  in  the  United  States.     IVith  the 
rapid  devolopinent  of  mini  -  computers  in  the  past  few  years 
this,  total  number  is,  perhaps,  a  misleadinp  fipure.  NHni- 
computers,  costing  in  the  ranpe  of  <;  3  ,  ODO  -  $  ?n  ,  000  ,  are  heinp, 
mass-produced.     Tliese  machines  are  small  in  price  and  physical 
size,  but  can  carry  out  several  hundred  thousand  arithmetic 
operations  per  second.     The  era  of  the  "micro-computer''  is 
just  now  bepinninp.     A  sinple  larpc  scale  integrated  circuit 
(one  chip,  costing  well  under  JslOOl  can  he  produced  which 
contains  all  of  the  circuitry  for  the  central  procersinp  unit 
for  a  computer.     This  same  technology  has  produced  the 
,<;r)0-$100  electronic  desV  and  pocket  calculators  which  are  now 
readily  available.     We  can  expect  to  see  many  millions  of 
micro-computers  produced  in  the  next  decade.     !*or  example,  it 
seems  likely  that  every  new  car  will  contain  one  or  more 
microcomputers,  and  that  such  circuitry  may  become  common 
in  TV  tuners. 

A.t  the  larger  computer  end  of  the  scale  we  all  accept 
the  fact  that  computers  are  already  widely  used  in  business, 
government,  and  in<lustry.     Increased  usage  in  all  of  these 
areas  is  to  be  expected.     The  use  of  computers  in  automation 
is  really  just  ))eginning,  and  will  havea  profound  impact  upon 
our  society.     Zenith,  for  examnle,  recently  built  an  automated 
TV  chassis  production  line  in  rhicapo.     Mucli  of  the  operation 
is  controlled  by  minicomputers.     This  one  assembly  line  can 
produce  about  2  million  TV  chassis  per  year,  and  uses  about 
1/20  the  labor  that  would  previously  have  been  reeded. 

Tlie  main  point  is,  computers  are  already  widely  used  in 
the  United  States  and  are  having  a  significant  impact  upon 
our  society.     Hut  the  proliferation  of  computers  is  just 
beginning!     Much  of  the  early  development  of  computers  was 
done  in  university  research  centers,  and  many  early  computers 
were  used  solel>|  fbr  research  and  instruction.  Overall, 
liowever,  the  usage  of  computers  in  business  and  government 
has  grown  more  rapidly  than  in  education.     The  remaining 
sections  of  this  article  discuss  the  general  issue  of  why 
one  should  (or  shouldn't)  use  computers  in  education. 
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i:om\Hitors  in  School  Admini  st  rat  ion      Education  if;  a  largo 
niism'css,  'consuijiing  a  significant  'rr«nction  of  the  country's 
total  productivity.     In  many  vays  t)ic  school  administrator 
is  like  a  businessman  (perhaps  one  operating  in  a  regulated 
monopoly?).     Schools  and  school   systems  have  income  and 
expenses,  budgets  to  balance j  records  to  keep,  reports  to 
generate,  etc.     In  general,  computers  are  used  in  business 
and  government  when  they  are  cost  effective,  taking  into 
consideration  the  quality  and  quantity  of  work  to  be  done. 
The  same  ideas  should  hold  for  the  use  of  computers  as  an 
aid  to  school  administrators. 

The  key  concept  here  is  that  one  is  considering  a 
change - -either  from  not  using  a  computer  to  using  a  computer, 
or  a  change  of  adding  or  deleting  computer  facilities.  There 
are  well  defined,  logical  ways  to  attack  this  decision- 
making problem  (whetlier  to  start  using  computers,  use  them 
more,  use  them  less).     One  first  gets  a  clear  understanding 
of  the  information  processing  tasks  to  be  performed.  One 
studies  whether  they  are  currently  being  performed  adequately, 
whether  they  should  be  performed,  etc.     One  estimates  as 
carefully  as  possible  the  costs  of  performing  tliese  tasks 
hy  alternative  schemes.     If  it  turns  out  that  an  information 
processing  task  which  a  school  wants  done  can  he  done  more 
cheaply  hy  computer,  then  the  school  sfiould  probably  move 
in  that  direction. 

To  conclude  this  section,  it  sccins  evident  tliat  more 
and  more  eloctroTnc  data  processing  equipment  will  be  used  in 
tlie  administrative  aspects  of  running  schools.     This  will 
range  from  SSO  electronic  dcsh  calculators  to  $5,000  elec- 
tronic accounting  machines  to  ^500, 000  computer  systems. 
The  decision  in  each  case  should  be  based  upon  a  study 
appropriate  to  si?.o  of  the  problem  and  the  amount  of  money 
one  is  considering  spending.     The  increasing  information 
processing  demands  being  placed  upon  administrators,  plus 
the  decreasing  cost  of  electronic  data  processing  equipment, 
point  to  an  inevitable  increase  in  the  use  of  such  equipment 
in  education. 

Teaching  lis  i  ng  Computers    One  can  consider  computers  as 
an  educational  media  device*     As  such  computers  must  compete 
with  teachers,  hooks,  video  recorders,  movie  projectors,  tape 
recorders,  etc*     The  competition  is  essentially  in  the  area 
of  cost  effectiveness.     For  a  given  amount  of  money,  we  would 
like  t)ie  instructional  program  to  l)e  as  effective  as  possible. 

It  is  worth  noting  that  we  do  not  yet  have  pood  inr^ight 
fgood   instruments  to  measure)  what  makes  an  effective  instruc- 
tional program.     This  makes  it  difficult  to  predict  whether 
or  not  a  program  will  be  improved  by  buying  an  extra  movie 
projector,  adopting  a  new  textbook  scries,  or  adding  a 
curriculum  specialist.     It  also  means  that  any  change  from 
the  status  quo  C^^uch  as  beginning  to  use  a  computer  in  the 
curriculum)  is  hard  to  ''scientifically'*  justify.     Of  course, 
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some  research  has  been  done  on  the  effectiveness  of  computers 
as  a  teaching  device.     The  area  of  computer  assisted  instruc- 
tion has  received  considerable  attention.     In  peneral  ,  the 
results  have  suggested  that  CAT  is  about  as  effective  as  other 
teaching  devices   fsuch  as     teachers).     Tn  certain  situations 
(such  as  with  remedial  students)  CAI  tends  to  be  more  effective 
than  in  other  situations  (such  as  with  superior  students). 
In  any  event,  relatively  little  researc)^  has  been  done  compared 
to  what  will  be  done  in  the  future- -and  compared  to  what 
should  be  done  before  any  large  scale  i  nt  rocluct  i  on  of  comnutcr^ 
as  a  major  instructional  device  in  our  sc))ools. 

Several  key  points  are  wortli  making ,  however,  Fi  rst  , 
the  cost  of  computer  hardware  continues  to  decrease  (while 
teachers'   salaries  increase).     The  knowledge,  understanding 
and  computer  software  needed  for  making  effective  instruc- 
tional use  of  computers  continues  to  increase  or  improve. 
Research  into  the  effectiveness  of  instructional  use  of 
computers  continues  to  go  on. 

Added  to  the  above  points  is  the  fact  that  computers  are 
uniquely  qualified  for  certain  aspects  of  an  instructional 
program*     An  interactive  computer  simulation  program  can  be 
the  basis  for  training  an  astronaut  to  pilot  a  rocket  ship 
or  a   lunar  module.     A  computer  model  of  on  environment, 
economy,  or  business  can  serve  as  tlie  basis   for  interactive 
experimentation  into  aspects  of  the  real  world  that  are 
closed  to  most  students.     Jn  many  such   i  nstrtict  i  ona  1 
siutationSj  tlie  cost  of  computer  facilities   is  no  longnr 
tl.c  dominant   factor.     Thtit   is,  the  computer   is  cost  effective 
in  a  numl^er  of  special   instructional  situations. 

To  conclude  this  section,  we  renorit  that  a  computer  is 
a  media  device.     A  computer's  unique  characteristics  make  it 
m.ore  desirable  or  more  suitable  in  some  situations  than  other 
educational  media  devices.     Over  the  long  run  one  can  expect 
that  computers  will  prove  to  t^e  cost  effective  in  an  in- 
creasing range  of  instructional   situations.     Tn  particulnr, 
computer  assisted  instruction  will  eventually  have  a  signi- 
ficant impact  upon  education,  and  computer  managed  instruc- 
tion will  prohal^ly  become  common. 

Teaching  About  Computers       Tn  tlie  earlier  section  on  Computers 
inT^ocTbty,  we  indi catecl  that  computers  arc  v/idely  used  cur- 
rently, and  that  their  use  will  continue  to  expand  rapidly. 
One  generally  accepted  goal  of  education  is  to  prepare  students 
to  cope  with  the  current  (and  rapidly  changing)  real  world. 
Computers  are  a  fact  of  life!     Thus ,  computers  should  be  a 
topic  of  study  in  a  modern  educational  system.     We  shall  dis- 
cuss briefly  three  possible  aspects  of  teaching  about  com- 
puters. 

Computer  literacy,  computer  appreciation,  or  computer 
concepts,  are  all  titles  for  a  course  of  instruction  designed 
to  acquaint  the  student  with  capabilities,  limitations,  and 
implications  of  computers.     Slich  courses  have  been  available 
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in  .^omc  col  lores  and  universities   for  nearly  a  decade.     In  the 
past  three  years  a  half-dozen  good  new  texthooks,  at  the 
college  freshman  lovely  have  been  published.     Rut  such  courses 
have  been  slow  to  reach  into  the  public  schools.     They  require 
trained  teachers,  texts,  and  equipment  that  tend  not  to  be 
available  in  most  schools.    The  1972  report  ''Recommendations 
Rcpardinj;  Computers  in  High  School  Education"  prepared  by  the 
Conference  Board  of  the  Mathematical  Sciences  Committee  on 
Comnuter  fiducation  recommended  that  a  computer  literacy 
course  become  part  of  the  regular  course  offerings  at  the 
junior  high  school  level. 

Another  aspect  of  teaching  about  computers  is  to  teach 
the  role,  nature,  and  use  of  packaged  (canned)  computer 
programs.     Quite  a  bit  of  what  we  teach  (particularly  in 
math  and  the  sciences)  is  of  a  how-to-do-it  nature.  Thus 
we  teach  students  to  solve  n  certain  type  of  equation,  or 
to  balance  a  proposed  chemical  reaction.     The  how-to- do-it 
parts  of  our  educational  system  can,  to  a  large  extent,  be 
stored  in  a  computer  program  in  a  manner  so  that  the  computer 
can  actually  "do-it'  .    Thus  a  computer  can  solve  a  com- 
plicated equation  cheaper,  faster,  more  accurately,  than  a 
person*     (Some  electronic  desk  calculators  can  compute  the 
square  root  of  a  number  as  readily,  and  nearly  as  rapidly, 
as  they  can  multiply  two  numbers.)     Students  need  to  learn 
to  use  such  capability!     Their  education  should  build  upon 
such  machine  capahility--not  compete  against  it. 

rinally,  we  sliall  mention  briefly  the  field  of  computer 
'  programming.     With  the  continued  proliferation  of  computers 
it  is  clear  that  some  people  will  need  to  know  how  to  program 
computers.     At  this  stage  of  the  development  of  the  field  of 
computer  science,  it  isn^t  clear  what  percentage  of  students 
should  learn  how  to  write  computer  programs,  or  what  degree 
of  skill  they  should  be  expected  to  acquire.     Some  educators 
hold  that  computer  programming  is  n  suitable  topic  for  the 
grade  school,  and  that  all  students  should  learn  to  write 
propraias.     Others  argue  that  a  major  sense  of  direction  of 
computer  science  is  to  make  a  computer  solve  their  problems 
without  liavinp  to  write  programs,     (Here  the  idea  is  that 
one  uses  packaged  programs:  someday  it  might  be  possible  to 
just  type  in  one?  problem  to  a  computer,  and  expect  the  com- 
puter to  select  and  appropriate  program  for  its  solution, 
and  solve  the  ]^roblem.)     In  any  case,  learning  how  to  write 
computer  nrograms  seems  to  be  one  good  way  to  gain  some 
compiiter  1  i  teracy  * 

(^onc  1  usi on    There   is  considcrnblc  justification  to  some 
I'uTrent  \iscs  of  computers  in  education,  and  to  expanded  use 
of  computers.     Uses  of  computers  in  school  admini nstra t ion 
sliouKI  be  justified  on  a  cost  effectiveness  basis.  Similarly, 
use  of  computers  as  an  educational  media  device  should  be 
justified  mainly  on  a  cost  effectiveness  basis,     (An  exception 
here  is  that  computers  are  unique.ly  qualified  for  use  in  certain 
instructional  situations,)     The  computer  is  havipg  a  profound 
impact  upon  our  society,  and  upon  almost  all  areas  of  human  in- 

1-1^9^"  toMectual  endeavor.  Because  of  this,  computers  should  be  the  object 
EI\IC  study  m  our  schools. 
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Division  or  Instructional   Systems  of  the  School  District  of 
rii  i  1  aJel  ph  i a 

f.a ymc rj_'_s  Cu  ido  t  o  t  he  V^c  o  f  rx^iarnU  c  r s 

TKo  Xss'dc  lat  lon'ToT  IxIYk'Ti t  i'onlrr^^  ,  Washingtoii  ,   D.C.  , 

Althoujjh  the  title  of  this  pub!  i  cat  ion  Joes  uol  intlicate 
an  emphasis  on  oelucationa]  uses  of  computers,  a  brief  exam- 
ination of  tl^c  sections  reveals  that  section  five,  'HIses  of 
Computers   in  Education,''  occupies  a   full  two-thirds  of  the 
text   material.     As   is  stated  in  the  preface: 

riie  emi^hasis  of  tlus  guide  is  on  instructional  a])plica- 
tions,  showing  liow  computers  are  now  being  used  and  can 
continue  to  be  used  to  help  in  the  educational  ])rocess. 
It  is  designed  to  provide  teachers,  administrators,  scliool 
board  members,  and  parents  with  an  introduction  to  some 
basic  principles  in  data  processing  and  to  present  an 
overview  of  the  use  of  computers   in  instruction. 

After  a  brief  introduction  dealing  with  reasons   for  inclu- 
ding computers   in  the  educational  curriculum,  several  pages 
are  devoted  to  tlie  historical  j^erspective  and  deveJojiment  of 
computers.     Beg i nn ing  wi t h  number  systems,   the  abacus,  and 
elementary  calculators,  the  concert   of  comjniters   is  develoiK^d 
to  an  elementary  understanding  of  the   functions  of  1/0  devices, 
the  central   |)roceSsing  unit^  and  the  concent  of  storage. 

Section  II  i   goes   into  more  dc^iall  of  the  components  of  a 
computer  and  related  j^eripheral   e((uipment  such  as  punched  cards, 
i:iagnctic   tape,  core  storage,   registers,   arithmetic  and  logical 
(M)erations,   and  a  variety  of  output  devices.     Section  TV  de- 
scribes the  methods  of  writing  and  need   for  languages   for  a 
computer.     Hxamples  are  given  of  machine  language,  asr.embly 
language,   and  iORTRAX. 

Section  V  deals  with  the  uses  of  com]niters   in  education 
:ud    is  broken  down   into  twelve  areas.     Jiach  area  offers  not 
o:il\'  general   goals,  definitions,  ami  objectives,  but  also  spe- 
cific examples  and  applications.     Tlie  twelve  areas  considered 
are:      1)   the  computer  as  an  administrative  aid,   2)   the  com- 
initcr  as  an  aid  to  educational   research,   3)   time  sharing,  4) 
the  computer  as  a  subject  of  instruction,  S)   the  computer  as 
ari   instructional   aid,   6)   computer  assisted   instruction,   7)  pro- 
:.;ra',nned   instruction  and   its  relation  to  CAT,  8)  computer  man- 
aged  instruction,   9)   simulation  (including  examples  of  four 
educational   games:     rhe  Sumerian  game,   the  Sierra  I.eone  De- 
velopment game,   the  (''ree  hnterprise  game,  and  the  Consumer 
r.-ime )  ,   10)  counseling,   11)   other  projects,  and  12)  the  future 
<m'  computers    in  education. 

An  eight   page  glossary  of  computer  terminology  is  includ- 
ed. 

Q  Stewart  n,  Weimer 
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R.  W,  tiamniinq 

Intellectttal  Imnlicattons  of  ^Thg^  Compu te r  Rn vo  1  u t i o n 
American  Mathematical  Monthly    V.  70,  n  1,  (1063) 

The  ''enercry  crisis'*  is  causinq  u?;  to  seriou^lv  consider  the  role*  of 
the  automotive  industry  in  our  lives.    We  are  findinq  that  the  effects 
are  much  more  far-reachinq  than  most  of  us  imaqinerl.     Our  culture  lives 
and  thinks  in  terms  of  automobiles.     Prior  to  the  "crisis"^  onlv  a  few 
intellectual  prospectors  bothered  to  explore  these  motorixed  ramifica- 
tions. 

Let's  now  turn  to  the  computer  for  a  moment.     Ts  thore  a  possibility 
that  xt  has  or  will  have  a  far  greater  influence  in  our  lives  than  auto- 
mobiles?   The  influence  can  undouhtedlv  be  qood,  hut  is  it  all  noinq  to 
be  qood?    What  kind  of  crisis  would  (will?;)  cause  the  man  on  the  street 
to  examine  his  life  in  liqht  of  the  computer  revolution?    Educators  had 
better  examine  some  of  these  questions  before  thev  aet  their  tails  canqht 
in  some  steamroller  crisis.    Computers  can  usher  in  an  excitinq  new  wav 
to  think  and  live  or  they  can  usher  in  a  friqhteninq  new  master-slave  re- 
lationship.   Hamminq*s  article  should  encourage  us  to  keep  our  tails 
well  ahead  of  the  steamroller! 

"The  Industrial  Revolution  effectively  released  man  from 
heinq  a  beast  of  burden;  the  computer  revolution  will  similarly 
release  him  from  slavery  to  duli,  repetitive  routine." 

"It  is  a  common  observation  that  a  change  of  an  order  of 
magnitude  in  a  technoloqv  produced  fundamentally  new  effects.^' 

"Automobiles  are  used  at  speeds  about  one  order  of  magni- 
tude faster  than  a  horse  and  waqon.     Fach  of  these  has  nroduced 
whole  new  effects;  ..." 

"These  are  the  bases  of  the  computer  revolution;  at  least 
six  orders  of  maqnitude  increase  in  speed,  at  least  three  orders 
of  magnitude  decrease  in  cost,  and  an  increase  in  reliability 
which  makes  practical  computations  involving  billions  of  arith- 
metical operations." 

"It  is  as  if  suddenly  automobiles  now  cost  two  or  three 
dollars,  houses  twenty  to  sixty  dollars.  And  the  changes  in 
the  computer  technology  are  still  going  ont" 

"Think,  then,  of  the  six  orders  of  maqnitude  in  sr>^ed  and 
the  three  in  cost,  and  the  new  effects  thev  will  produce." 

Ron  Kdelman 
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Alspauqh,  John 

Util illation  of  Compviting  and  Data  P roceasing  in  Education 
rloaringhousG,  Vol.  '13  (April  1960) 
Pages  '155-^^7 

Tho  use  of  computers  and  data  processing  equipment  in  education  may 
be  placed  into  three  general  categories:   1)   computer-assisted  instruction, 
1)  computing  in  support  of  instruction,  and  3)   computing  and  data  proces- 
sing in  support  of  educational  administration. 

Computer-assisted  instruction  is  usually  considered  to  he  an  advanced 
torm  of  oroqrammed  instruction  using  the  computer  for  control.     The  spec-- 
ial  type  of  equipment  needed  for  CAI  is  quite  expensive,  trained  personnel 
are  required  to  operate  this  equipment,  and  computer  programs  are  expensive 
and  time  consuming  to  write.     There  are  many  engineering  problems  to  he 
solved  for  the  system  to  be  efficient.     There  is  also  little  evidence  to 
indicate  that  CAT  will  reduce  the  number  of  required  professional  person- 
nel.    CAI  is  still  in  developmental  stages  and  needs  extensive  research 
before  it  emerges  from  the  laboratory  and  becomes  a  feasible  approach  to 
teaching  students  in  the  public  schools. 

Computing  in  support  of  instruction  is  concerned  with  the  direct 
support  of  the  teacher  and  students  in  the  classroom  hut  does  not  itself 
carry  out  any  instructional  process.     The  computing  equipment  can  be  used 
to  grade,   analyze,  and  record  test  results,  to  develop  data  banks  of  infor- 
mation about  each  student,  to  provide  a  laboratory  device  to  solve  many 
problems  in  mathematics  and  science,  and  to  provide  laboratoz*y  equipment 
for  vocational  courses. 

Computing  and  data  processing  in  support  of  educational  administra- 
tion is  concerned  with  registration  and  reporting  af  grades,  attendance 
accounting,  payrolls,  and  financial  accounting. 

A  thorough  study  of  the  clerical  processes  and  records  necessary  for 
educational  administration  must  be  made  before  setting  up  a  system  for 
oducationa]  data  processing.     A  systems  study  enables  the  district  to 
eliminate  duplication  and  provide      more  comprehensive  and  efficient  sys- 
tems,    A  computer  allows  a  school  to  carry  out  routine  information  proces- 
:ung  with  faster  speed  and  accuracy.     Two  obstacles  have  prevented  more 
widesnroad  use  of  comouters  in  educational  administrative  data  processing: 
1)  cost,   and  2)    lack  of  adequately  prepared  educators  to  plan  and  supervise 
the  data  processing  activities. 

There  are  throe  general  approaches  for  obtaining  computing  and  data 
proce'/>  iin:j  services  in  a  public  school.     They  are:  1)   contracting  with  an 
ovitside  agency  to  provide  computing  tine,  programing  support,   and  consult- 
ing services,   2)  esta}:)lishing  their  own  computing  and  data  processing  cen- 
ter and  3)  getting  a  group  of  schools  to  work  together  in  setting  up  a 
reaiona]   data  processing  center  or  a  statewide  system  ooordinated  by  a 
state  agency. 

Iloeger 
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ruackwoii,  F.  v;. 

Tho  Probable  State  of  Computor  Tochnology  by  19B0^  With  Some  Inplicahlons 
tor  r:ducation 

Journal  of  Educational  [)ata  Procossinq^  Fall  1071/72 

It  is  very  unlikely  that  many  of  thn  innovative  loaps  in  tho  coHf^utor 
ijidustry  dovolopment  could  have  been  predicted  in  advance.  Sirnilarily, 
aLthouqh  todav's  computer  technologv  suffices  for  many  needs  in  education 
to<lay,  changing  computer  technology  of  the  1970s  will  have  real  implica- 
tions for  education  in  the  1980s.     The  greater  variety  of  systems,  lang- 
uagos  and  data  files  will  provide  expanded  uses  in  many  facets  of  educa- 
tion and  small  general  purpose    electronic  comnuters,  mini  comouters, 
should  be  common  place  in  another  decade.     By  1980  they  should  cost  no 
moro  than  $2000  as  against  $20,000  today. 

It  is  easy  to  imagine  a  1980  studen':  spending  part  of  each  school  day 
with  a  mini  computer.     it  will  be  used  for  tutorial  work,  drills,  listing 
and  simulation.     Teachers  and  administrators  will  find  management  and 
record  keooing  chores  handled  nicely  by  the  mini  comouter. 

Powerful  software   (language)   is  likely    to  develop.     Software  will 
handle  von/  large  memories  and  many  levels  of  interruots.     'T^he  use  of  <;on~ 
puters  with  simple  languages  will  be  routinely  taught  in  secondary  schools. 
The  1080i^  should  see  thousands  of  computer  programs  ^s  readilv  available 
as  library  books  are  today.     Many  applications  will  bo  in  education. 

Those  advances  will  permit  computers  to  be  brought  directly  to  admin- 
istrators, teachers,  and  students.      rf  costs  go  down  there  will  be  equal 
computer  opportunity  for  all  tho  nation's  schools,  "The  infusion  of  all 
of  these  new  ideas  into  the  field  of  education  is  a  very  exciting  prospect. 
Many  political  problems  will  have  to  be  overcome,  including  the  present 
lack  of  acceptance  of  computers  at  all  levels  of  education,  but  willing- 
ness of  those  holding  the  purse  strings  to  try  new  ideas  in  education, 
should  insure  that  at  least  some  of  the  new  computer  technology  will  be 

Jit 

Ray  Korb 
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COni:,  Ronald 

!^  A<iminist:rabor 's  Guldo  to  ComputGrs 
Colloc/o  Management^  Octoi:)err  1972, 
Pages  12-14 

This  excellent  introductory  article,  althouqh  written  primarily  for 
college  administrators/  discusses  iss\ies  and  offers  tipa  that  can  be  of 
great  help  to  any  school  administrator. 

The  article  is  divided  into  two  sections.     The  first  section  offers 
an  interesting  classification  of  computer  facilities.     Code's  categories 
are  as  follows: 

(1)  Ownership 

a.  College  owned,  leased  or  rented 

b.  Jointly  owned  with  other  colleges 

c.  Not  owned;  services  purchased 

(2)  Mode  of  operation 

a.     Batch  processing 

h.  Interactive 

c.    Both  batch  and  interactive 

(3)  Control 

a.  Managed  for  the  entire  col legs 

b.  Under  control  of  one  departrf^.ent 

(4)  Application 

a.  Administrative  Data  Processing 

b.  Teaching  programming 

c.  Integrated  with  non^^ccinputor  courses 

The  author  explains  each  of  these  areas,  and  comments  on  each.  This 
classification  srrheme  can  easily  be  modified  to  meet  the  needs  of  a  pub- 
lic school  administrator,  and  could  prove  a  useful  partial  taxonomy  of 
issaus  to  be  considered  in  joining  or  setting  up  a  computer  system. 

The  second  part  of  the  article  suggests  a  coordinated  plan  for  estab- 
lishing cuid  maintaining  a  viable  and  valuable  computer  program  for  the 
entire  college.     Code  discusses  such  important  issues  as  how  to  develop  a 
procedure  for  faculty  training,  and  how  to  involve  faculty  in  a  planning 
grouj). 

The  article  is  an  introduction  to  the  administration  of  computer  pro- 
grains  designed  to  grow  with,  and  serve,  the  ei^tire  school.  It  is  not  de- 
tailed nor  technical,  but  rather  intended  to  offer  some  important  consid- 
erations, and  suggest  3ome  directions. 


Ken  Bierly 
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Magicalj  My;U,  ical  ,  Mochanlcal  Schoolrnas  t:or ;  or  ,   t}io  CojnT>utor  In  the 
^tigli^ih  Classroom  ' 
i:nqlish  Journal, Vol.  Gl ,  (oecembGr  1072) 
Paqes  138Q-1395 

There  seen  to  be  only  two  kinds  of  comments  by  teachers  about  CAT: 
very  qood  or  very  bad.     The  people  who  swear  by  it  note  the  individually 
zation,  the  remedial  or  extra  work  it  can  branch  to,   the  excitement  child- 
ren experience  using  terminals,  even  for  drill  and  even  for  slow  learners, 
and  the  freedom  it  gives  the  teacher  from  routine  chores. 

But  the  others  see  CAI  as  a  threat  to  their  jobs,  something  that  will 
"destroy  the  teaching  profession  as  presently  practiced, .impose  valuo 
systems  often  at  variance  with  those  traditionally  revered''/  and  a  system 
in  which  all  students  resnond  identically  and  which  can  be  used  to  gain 
"control  of  the  mind  of  a  nation."    They  wonder  about  teacher  training  in 
computers,  how  often  the  students  will  have  personal  contact  with  teach-- 
ers,  and  interdependence  and  uniformity.     They  even  wonder  whether  it 
will  handicap  or  ignore  ooor  students  and  whether  "home  computer  con- 
i^oles  might  have  a  marked  effect  on  the  quality  of  life." 

Following  Dieterich's  article  arc  13  brief  abstracts  of  KRIC  Docu- 
ments:  1)     World  Conference  on  Computer  Education  2)     The  Computer  in 
Kducation--RDEA  3)   Bibliography  of  Programmed  Instruction  and  Computer 
Assisted  Instruction  4)  Computers  in  the  Classroom  5)  The  Possible  Useful- 
ness of  Poetry  Generation  6)  Varicible  Modular  Scheduling  Via  Computer, 
Developed  by  Stanford  University  and  Educational  Co-ordinates,  Inc. 
7)  A  Methodology  to  Achieve  Secure  Administration  of  English  Comprehen- 
sion Level  Tests — Phase  1.     Final  Report    8)     Drill  and  Practice  in  CAI 
Spoiling:  V/ord  Ratings  and  Instructional  Treatment.     Project  Interim 
Report  Num})er  1     9)     The  Edison  REsponsive  Tnvironment  Ijcarning  System, 
or  the  Talking  Typewriter  Developed  by  Thomas  A.  Edison  Laboratory,  a 
Subsidiary  of  McGraw  Edison  Companv.     lO)     Cost  and  Performance  of 
Computer  Assisted  Instruction  for  Education  of  Disadvantaged  Children 

11)  Teacher's  Handbook  for  CAI  Courses--bv  Patrick  Suppes  and  others, 

12)  Preparing  for  Computer  Assisted  Instruction  and  13)   The  CAI 
Author/ Instructor .     An  Introduction  and  Guide  to  the  Independent  Prepara- 
tion of  Computer  Administered  Instructional  Material^^  in  the  Conversational 
Mode  . 

Marlyn  J.  Kern 
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JACK,i(  >n,   rhi  J  i  p  W. 

rlio  i'oaclior  arui  tlu*  Mtu:hine 

itoraco  Mann  T^cctuft^,   1'}G7  at  i  ni  v^w.;  i  I  y 

of  rittsburqh^  Univorsiliy  of  rUttshurr|h  t^ross 

'{"his  essay  is  divided  into  throo  a.ssertions:     1)   that  changes  in  tho 
teacher's  work  resulting  from  the  growth  of  educational  technology  will 
not  be  as  dramatic,  and  will  not  occur  as  rapidly ^  as  many  head-line- 
making  predictions  would  have  us  believe;  2)   that  several  of  the  educa- 
tional benefits  allsged  to  accompany  technological  change  will  either 
fail  to  materialize  or,  at  best,  will  be  mixed  in  benefits;  3)  that  al- 
though the  expanded  use  of  machines  in  the  classroom  poses  some  problems 
for  educators,  a  more  fundamental  question  concerns  the  extent  to  which 
a  mechanistic  ideology  should  be  allowed  to  permeate  our  view  of  the 
educational  process . 

The  author  argues  that  many  other  mechanical  teaching    devices  such 
as  airborne  television  and  instructional  films  have  been  heralded  as 
dramatic  break-throughs  in  education.  Although  it  is  foolhardy    to  coun- 
ter one  set  of  predictions  with  another,  since  future  events  have  a  way 
of  eluding  prior  description,  there  is  some  reason  to  suspect  that  many 
of  tho  holder  forecasts  concerning  technological  change  which  involves 
computers  in  education  will  not  bo  fulfilled, 

Tho  avowed  goal  of  the  machine  promoters  is  not  to  displace  teachers 
but  rather  to  help  them  do  their  jobs  more  effectively.     The  essay  dis- 
cusses why  teachers  are  not  very  open  to  technological  change. 

Given  the  pressures  from  government  and  industry  urging  educators  to 
experiment  with  newer  technological  devices,   there  will  inevitable  be 
more  widespread  use  of  computers.     But  widespread  adopt  ion  does  not  nee— 
ossarily  mean  penetration  into  a  significant  numl:)er  of  classrooms.  There 
are  both  strong  and  weak  points  in  using  computers  as  instructional  aids. 
Much  more  concern  will  need  to  be  givun  to  the  process  by  which  people  are 
treated  mechanically  and  the  educational  problem  of  how  to  create  and 
n^aintain  a  humane  environment  in  our  schools. 


Ron  Boys 
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Molnar,  K. 

Critical  Issugg  in  Computer-Based  riearning 

Kducatlonal  Tfichnoloqy      v.   11,  n        (August  1071)  op.  fiO-C^A 

Comouter-hased  loariUng,  as  a  claflaroom  tool,  liq  nont  widely  ^'ound 
in  colleqes  where  70  per  cent  of  all  college  students  are  enrolled  at 
schools  having  some  computer  instruction  available.     Howoveri  this 
percentage  drops  to  14  per  cent  when  applied  to  secondary  nchools.  Com- 
puter classes  have  traditionally  been  about  the  operation  of  computers. 
However,  the  use  of  computers  as  a  tool  In  teaching  quadrupled  in  the 
two  years  from  lOfiH  to  1970  and  continues  to  rise* 

This  rapid  increase  in  computer-assisted  learninq  approaches  has  led 
to  a  mimber  of  problems.    Bernard  Luskin  is  quoted  as  listing  the  seven 
most  critical  obstacles  of  CAI  as  being: 

"1)  availability  of  individuals  with  appropriate  comnetent  skills? 

2)  sufficient  local  funds  for  imple^nentation; 

3)  sufficient  funds  for  research  cind  development; 

4)  attitudes  of  faculty? 

5)  lack  of  sufficient  incentives  to  stimulate  preparation  of  educa- 
tional hardware? 

f>)  noor  documentation  of  educational  software? 

7)  existence  of  a  communications  gap  between  educators  and  repre- 
sentatives of  industry,   (p.  61)" 

Molnar  feels  that  certain  key  issues  must  be  resolved  before  CAI  really 
reaches  the  take-off  point  in  education.    They  are: 

1.  Is  the  computer  a  tool  or  a  medium?    As  a  tool,  it  improves  the 
quality  of  education.     As  a  medium,   it  allows  education  to  reach 
more  students. 

2.  Are  we  dealing  with  evolution  or  a  revolution?    The  evolutionary 
approach  would  allow  the  student  to  be  creative,  while  the  re- 
volutionary approach  would  require  a  modification  of  educa- 
tional disciplines. 

3.  Do  we  centralize  or  decentralize  computers?    Centralization  leads 
to  larger  conputers  with  a  cheaper  time  cost  overall,  while  de- 
centralization may  necessitate  mini-computers  with  limited  capa- 
bility. 

4.  Are  costs  benefits  a  myth  or  realitv?    Cost  effectiveness  is 
more  difficult  to  substantiage  in  a  culture  where  the  telephone 
is  seen  as  being  more  essential  to  the  average  person  than  is  a 
computer  terminal  in  a  school  building. 

5.  Can  the  federal  government  achieve  a  unified  position  in  assist- 
ing CAI  programs  being  implemented?    Some  programs  get  assistance 
while  others  don't  with  neglect  and  waste  growing  out  of  some 
programs.    Furthermore,  through  the  use  of  seed  money,  some 
programs  are  terminated  before  they  really  get  off  the  ground, 
fundina  must  not  be  limited  to  research  but  should  include 
development  and  maintenance  of  programs. 

In  summary,  are  we  going  to  allow  the  foregoinq  obstacles  and  issues 
to  continue  stagnation  of  an  important  component  of  the  American  education 
svstem,  or  are  we  going  to  utilize  educational  technology  to  meet  the 
needs  of  our  society? 

Ray  Dodson 
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lUnia,  Andres  Jr. 

COMPUTl^K  TlMli-SHAUIXr,:     A  DliVl-J.OlM       TliClIN IQUr. 


''In  its  simiilost   form,  t  i  lao -shnr  i  ng  is  the  simultaneous 
accessing  of  a  single  comptitei'  by  many  users,  eacli  of  v^hicU  is 
nssigncd  n  ijuantum  of  time  within  tlic  central   processor.     'I  his 
iiuaritum  of  lime  is  based  upon  several  conditions  and   is  subject- 
ed  to  contiraial  swa)^pi!ig   in  nml  out  of  the  processor  until  the 
particular  user's  needs  are  met," 

Time -sharing  was  originally  concei^^ed  as  a  simnlc  means  of 
lowering  turn-around  time  for  computational -type  problems.  It 
is  tliougb.t  of  as  being  the  first  real  "bridging  the  gap"  between 
tlie  user  and  tlie  computer.     The  typical  currently  available  time 
shared  s)'stem  can  service  about  lb-64  simultaneous  users.  Ac- 
cording to  a  recent  U.S.  Office  of  Hducation  study,   "1,000  sim- 
ultaneous users  would  be  more  consistent  with  the  needs  of  a 
typical   largL^-city  school  system". 

Allen  ilabcock  developed  a  system  called  RUSH  (remote  use  of 
siuued  liardwar{)  whereb)^  "They  ofi'er  the  user  time-sharing  with 
l>ackgrouHd  h/i  tch -proces  s  ing .     In  addition,  there  is  a  background- 
to  -  foreground  capability  in  that  a  file  developed  and  updated  in 
!>atch  enviroment  may  be  queried   in  a  time-shared  environment." 
^\)rc  recently  CI .  I; .  has  developed  G.li.C.O.S.    IT  I,  a   system  which 
"is  a  combination  of  t i me - shar i ng ,  background  batch  and  fore- 
.t'l'ound  -  to -background  and  d  i  rec  t  -  access  ]^rograMming  .     .  .  .The  pre- 
>v\\t  package  offers  the  user  an  on-line  time-shared  operation, 
with  i)atch  processing,  remote  batch  processing,  and  direct  ac- 
cL^ss."  Such  setujKs  reduce  the  cost  of  time-shared  computing  to 
t!ie  user, 

TIk^  educator  is  the  largest  potential  market  for  future 
time  sharing  services  and  at  present   is  benefiting  the  least. 
KASH;^  developed  at  Dartmouth  College,   has  become  a  sort  of 
standard  for  the  industry.     Recently,    it  has  been  learned  that 
Ifisin.ess  !ias  developed  many  business  games,  using  RASIC,  for 
iL^o   in  thoir  executive  develoi)mcnt  programs.     The  Industrial 
College  of  the  Armed  Forces  has  spent   years  developirig  a  com- 
;>l(^te  sot  of  management  games  wivich  last   from  three  to  four 
v:ays.     Thus,    for  the  educator,  one  trend  seems  to  be  toward 
simulations.     [(ere  a  school  can  provide  nn  ideal  means  of  ex- 
.  ioriiig  a  wide  variety  of  j)roblems,  and  f)y  using  a  time-shared 
svstem,  does  n(;t  tie  up  an  entire  com]niler.     CAT,  by  using  a 
Ci'T,  will  make  feasible  new  instructional  materials  founded  up- 
)n.  new  standards  for  instruction  and  course  coiUent. 

"Certainly  the  opportunity  is  at  iKind  for  innovations  in 
{]\v  use  of  computers   in  the  environment  of  the  educator. 

.  The  educator  has  a  stake  in  this  developing  technology.  He 
must  assert  himself  through  active  participation  in  its  applica- 
tion to  his  environment." 

Cera  Id  barer 


ir.H.ii 


Maloney,  J.  P.  Jr. 

f :  1  c c  1 1  o II  i  c  Data  P  r o c g s  s  i  g  i i d ii c a t  i  on 

Journal  of  Educational  Data  I'rocos^i  i  nq  /  Vol.  h,  Wiiitor,  rJG8-69 
Paqes  225-229 

The  major  use  of  computers  in  olomcntary  and  secondary  schools  is  in 
recordkcopinq  for  purposes  of  administration.     Schools  today  are  movinf} 
away  from  pure  recordkeeping  and  finding  new  ways  for  computers  to  handle 
the  analysis  of  records  to  better  prepare  for  the  future.     Computer  ana- 
lysis of  areas  such  as  instructional  counseling,  can  highlight  items  that 
need  immedialie  attention. 

In  class  scheduling,   schools  have  moved  away  from  simple  schedules 
to  complex  ones  such  as  daily  demand  schedules,  in  which  a  student  is  re- 
scheduled each  day  to  meet  his  individual  needs.     Schools  are  experiment- 
ing with  quarter  schedules,  year  around  schools,  and  modular  scheduling • 

v;ith  schools  undergoing  tremendous  financial  pressures  there  is  a 
need  to  change  from  plain  recordkeeping  to  recordkeeping  with  analysis • 
This  is  true  for  inventon/  problems,   student  records,   and  personnel 
aixaiysis.     Individual  record  files  in  the  data  base  can  now  be  sul^ject  to 
close  analysis  to  staff  schools  bettor.     Such  files  can  contain  informa- 
tion al)Out  curriculum  content,  staff  experience^  training,  and  neori  for 
now  or  updated  training,   facilities  and  their  availability,  and  complete 
student  records. 

The  next  step  in  this  trend  is  a  total  school  information  system. 
These  nev;  systems  allow  the  administrator  to  have  a  comprehensive  analy- 
sis of  information  availal^Je  for  important  decisions.     Allied  with  these 
systems  is  the  so-called  planned  prograii\  budgeting  system  (PPBS)  ,  which 
trios  to  analyse  possible  alternative  solutions  and  set  a  cost  measurement 
on  them.     The  computer  can  play  a  doulolo  role  here:   1)   it  can  help  to  de- 
velop new  measurements;  and  2)   it  is  essential  in  processing  the  huge 
amounts  of  data  that  are  created  in  testing,  evaluation,  and  in  general, 
material  being  generated  by  the  education  institution  itself. 

CAI   (Computer  Assisted  Itustruction)   has  volumes  of  material  being 
v/ritten  in  its  support,  though  this  area  is  still  very  new.     One  impor- 
tant CAT  potential  lies  in  diagnosing  student  learning  problems  and  sug- 
gesting alternative  strategies.     CMI,    (Computer  Managed  Instruction)  is 
also  making  progress  to  help  individualize  instructional  content  and  se- 
quence.    Computer  Concepts  are  being  taught  in  the  public  schools  as  are 
computer  applications.     Some  districts  are  moving  forward  by  using  compu- 
termohiles  to  roach  students  in  outlying  distri  :ts.     The  whole  concept 
of  vocational  training  in  terms  of  data  processing  is  being  overhauled  to 
prepare  students  to  move  along  comfortably  with  computer  technology  and 
its   improvom^ent . 

The  computer  manufacturers  are  currently  v;ell  ahead  of  the  educa- 
tional thinking.     Kducators  ^^hould  try  to  reverse  this  situation. 


Paul  S.  Ashdown 
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>\e ie thorny ,  Wesley  C. 
Coraputors  in  Kducation 

Conputoi's  in  the  ClassrooiTi--31 7 ,  Jfj44  StaKo  Library,  Salom,  Oregon  (1971) 
^"aqos  141-162 

l*his  article  f)rovidcs  a  good  overview  of  the  field  of  computers  in 
education.     It  begins  with  a  short  abstract,  which  is  quoted  below. 

"In  his  article  which  follows,  Dr.  Meierhenry  shows  a  calm 
acceptance  of  the  computer  as  a  tool  to  be  used  by  human  beings 
for  good  or  ill — a  device  with  an  impact  on  education  which 
will  force  us  to  be  precise  about  our  goals  and  means  in  the 
classroom  and  will  allow  us,   if  we  accept  the  challenge  of  its 
notential,  to  expand  surprisingly  our  capacity  to  educate. 

As  both  teacher  and  educator,  Dr.  Meierhenry  is  concerned 
with  the  learner's  need/  as  well  as  the  logictics  of  the  system. 
His  paper  ranges  from  the  advantages  and  weaknesses  of  present 
instructional  programs  to  the  dangers  of  mechanical  reliance  on 
the  computer.     Well  founded  in  today's  structure,   it  looks  to 
tomorrow  with  imaginative  suggestions  for  concept  development 
model-building  in  education*'' 

The  author  hits  upon  many  topics  not  genoralLy  covered  in  discussions 
of  computers  In  education.     Considerable  emphasis  is  placed  upon  the  role 
of  computers  in  learning  about  the  learner,  and  the  learning  process. 


Oscar  V.  Evenson 
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Bork,  Alfrod 

The  Computer  in  '^^^c^hlnq-Ten  WMely  noUev<*<i  Mythn 
5?Tr;cuF  nulfetrn        f 7  n  4,  (oct.ToTl)  pnl  f-.^> 

This  articlo  discusses  10  widolv  hold  misnoncroptions  concerninn  tho 
comp\iter  In  toachina. 

Myth  Hi!  You  must  choose  between  diroct  and  adiunct  use  of  the  com- 
puter. 

Literature  seems  to  stress  th^it  a  choice  must  he  made  hetwoen  ad- 
junct use--where  the  student  does  his  own  proqramminq,  and  direct  use-- 
where  the  student  interacts  with  prepared  nroqrams.     Actually,  both  moses 
can  be  accommodated  in  one  system  and  can  both  be  usefully  apnlied  to  a 
variety  of  uses. 

Myth  ^2:  You  must  have  massive  equioment  to  use  the  computer  in  educa- 
tion: 

Actually,  many  interestinq  applications  can  come  from  small  mini  com- 
puters, althouqh  thev  are  more  limited  than  larger  models. 

Myth  <^3;  One  lanquaqe  is  much  easier  to  learn  than  another. 

Actually,  the  ease  of  loarninq  a  comouter  lanquaqe  deoends  moro  on 
the  teachinq  methods  employed  than  the  specific  lanquaqe* 

Myth  #4:  Computers  will  be  widely  used  in  education  in  present  oraani- 
national  structures  of  institutions. 

Actually,  computers  are  likely  to  revolutlonali ?:e  the  orqanization 
of  schools. 

Myth  <*S?  At  this  time,  your  best  buy  for  a  tenninal  is  a  model  31 
teletype. 

Actually,  educational  users  should  never  buy  a  model  33  teletype 
to  dav.    They  are  much  too  noisv  and  slow,  and  maintenance  costs  elimi- 
nate  much  of  the  initial  ecor\omv*    A  thermal  printinq  terminal  or  qraohic 
terminal  is  a  better  investment. 

Myth  ^fii  Computers  are  too  expensive  to  use  in  teachinq.     This  is  a 
matter  of  bookkeepina.    The  stated  costs  of  educational  components  de- 
pends larqelv  on  how  the  bookkeeoinq  is  done.    Althouqh  it  is  hard  to 
demonstrate,  the  author  feels  that  computers  are  presently  priced  com- 
petitively with  alternate  teachinq  methods.     In  any  case,  while  all  other 
educational  expenses  are  increasinq,  computers  are  hecominq  less  expensive, 
thus  more  competitive  with  other  teachinq  methods. 

Myth  #7;     If  we  acquire  a  CAI  lanquaqe,  that  solves  our  problems. 

Actually,  the  whole  problem  of  an  authorinq  svstem — incentives, 
facilities,  personnel,  testinq  and  feedback  procedures,  text  materials- 
is  more  important  than  the  lanquaqe. 

Mvth  #Q!  PLATO  and  MITRK  are  solvinq  all  the  problems. 

It  would  be  unfortunate  if  the  success  of  educational  application  of 
computers  depended  on  these  two  larqe-scale  projects.    We  need  manv 
diverse  Projects  to  explore  all  the  possibilities. 

Myth         Valid  educational  material  can  be  developed  without  involv- 
inq  experienced  teachers  in  the  area. 

Teachinq  is  still  teaching,  on  a  computer  or  otherwise.    'The  really 
Affective  educational  materials  are  beinq  developed  by  people  involved 
in  teachinq,  not  just  computer  scientists  or  educational  psycholoqists. 

Myth  ^10:     The  computer  used  educationally  uses  only  minor  amounts 
of  computer  resources. 

It  is  dangerous  to  plan  computer  uses  in  teachinq  under  the  assump- 
tion that  minimal  computer  resources  are  required.     Actually,  many  exist- 
ing examples  make  oreat  demands  on  computer  core  capacity  and  computer 
time. 

Q  David  Malouf 
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r.-irker  ,  John  o. 

Start it\M  t'ompMtor  Instruction?    The  Third  Phase  is  the  Most  Difficult 
Journal  of  Cduoational  Data  Process inq,  Winter  1067/68 

The:  first  pha.so  of  adaptinq  to  computori^^cfl  Instruction  is  that  of 
I inding  small  amounts  of  computer  time  for  students • 

During  the  second  phase,   ti^o  following  situations  arise:     (a)  learn- 
ing to  uroqram  the  computer;    (b)     kooping  coummi catinn  lines  open  with  tJto 
r^orapany  In  order  to  obtain  supplies  and  software;    (c)   inventing  problems 
lor  students  to  use  during  the  allotted  time — during  this  phase  a  program- 
ming course  was  introduced  to  students. 

Aftor  a  few  years  primary  emphasis  moves  to  phase  three,  where  and 
when  to  use  the  computer  rather  than  how  to  use  it.     The  problem  is  that 
one  of  providing  expanded  facilities  for  computer  oriented  instruction. 

A  formidable  question  emerges:     once  you  have  usable  hardware  and  you 
know  how  to  use  it,  what  do  you  do  with  it? 

(a)     ilio  computer  may  be  used  to  teach  students  the  concepts  of  computer 
programming, 

(h)     The  ccnputer  nay  be  used  as  a  teachinc;  aid  within  the  regular  course^ 
v/ork, 

(c)  Vhc  computer  may  be  UEjed  by  students  working  on  individual  projects. 

(d)  'Vac  cromputer  may  act  as  the  teacher  and  the  student  is  taught  by 
action  of  the  computer.     This  is  commonly  known  as  Computer  As^'isted  In- 
^itruction  (CAT)  . 

In  the  Palo  Alto  school  district,   the  general  computer  progranuning 
f;la:js  consists  of  the  following: 
(a)     A  general  history 

(1)  discussion  of  hardware 

(2)  discussion  of  software 
(h>)     Machine  language  programming 

(e)     I'mphasis  placed  upon  the  order  of  operations  xn  a  symbolic  lang- 
uage section 

{c})     Problem  solving  in  rO^^TPv^N 

{\)     use:  cf  the  language  and  monitoring  aystem 

(2)  interactive  techniques  and  looping 

(3)  program  execution  time 

(4)  ro\inding  and  cropping  errors 

Ir  mo:it  cases  the  students  are  encouraged  to  select  programming  pro- 
joctr,  related  to  their  other  academic  interests. 

f  alo  Alto  svivtem  has  committed  itself  heavily  to  the  premise  that 
to  i:;hfns  m  ist   teach  for  deeper  understanding  oven  at  some  cose  of  time- 
:>>a}s  ,irc  reached  through  examples  rather  than  lectures.     The  concepts 
t.augl\t  should  bo  those  which  are  common  to  all  computers/  without  undue 
or-:)h\.^is  on  peculiarities  of  any  specific  machine-     Fxperience  with  a  real 
comnuter  is  an  integral  part  of  instruction,  but  the  computer  used  for  the 
■our.ic  should  remain  the  means  to  an  end  and  not  the  reason  for  the  in- 
struction. 

Ray  Korb 
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Spencer,   lioiiaKI  1). 

}  he  Conipuler  Coes   to  School 

Tlie    7ssocla't  i  on^Yor  Hducat"iona  1  Data  Systems  Joiir^a].     Vd  | 

VT,  No.   1,   (rail    1  972),   ?>-?>0  and  Vol.  VT  ,  No.   2   (Winter  197-). 

This   is  an  excellent  overview  of  comjniters   in  education 
and  should  lielp  anyone  who  attempts  to  read  this  handbook. 
The  concept  of  computers   in  education   is  broken  down  into 
six  areas.     After  a  brief   introduction  descrilun^i  some  of  the 
p/esent  problems,   the  autJior  discusses  1)  recent  developments 
in  the  field  of  computers,   2)   the  use  of  computers   in  the 
classroom,  3)  a  computer  science  curriculum  for  the  secondary 
school,  4)   the  cost  of  a  computer,   5)   the  necessity  and  ex- 
tent of  teacher  traijung,  and  6)  some  results  to  date. 

The  author  discusses  such  recent  developments  as  CDC's 
Star- 100* , (a  super-computer  that  can  handle  100  million  oper- 
ations per  seconci)  ,  mul  t  i  '  programming  to  allow  one  comnuter  to 
handle  several  tasks  simultaneously,  the  growth  in  the  field 
of  minicomputers,   the  development   of  simple  languages,   the  in- 
crease in  speed,  and  the  overall  decrease  in  cost  per  unit  of 
computer  power . 

Section   11   lists  several  objectives  of  comnuter  education 
in  the  secondary  school:     1)  to  iiiotivate  students,  2)   to  allow 
for   increased  creativity  and  co/nploxity   in  solving  problems, 
7y)   lo  better  prepare  t!ic  co  U  ege -l)ound  student  >   11   to  remove 
the  mystery  of  computers,   S)   to  individualize   instruction,  (•  J 
to  provide  teachers  with  a  powerful  tool,  and  7)  to  provide  a 
foundation  for  students  who  wish  to  continue   in  computer  sci- 
ence.     The  use  of  computers   in  the  classroom  is  then  divided 
into  six  categories;     as  a  tutor,  a  drill  master,  an  exper- 
imenter, a  student  scheduler,  a  simulator,  and  a  problem  sol- 
ver,    Lach  area  of  discussion  includes  several  concrete  ex- 
amples. 

Several  approaches  to  computer  science  education   in  school 
are  offered  and  course  outlines  for  three  different  one-semes- 
ter courses  are  p^-esented.     The  section  on  the  cost  of  a  com- 
puter is  divided   into  four  parts:     1)   the  cost  of  a  computer 
in  regard  to  administration  and  educational  use,  ?)   the' cost 
of  a  time  shared  system,  5)   the  cost  of  a     minicomputer,  and 
I )   the  cost  per  student. 

Teacher  training  for  computers   in  education  should  in- 
clude general  orientation,   the  influence  of  com])utors   in  so- 
ciety, computer  solutions   to  a  variety  of  problems,  and  me- 
thods of  enployi.nj^  a  computer   in  several   d  i  scuj^l  i  nes  .  The 
sixtji  section,  dealing  with  results  to  date,   looks  at  fifteen 
different  computer  systems   in  fiteen  different  localities, 
briefly  describing  the  system  and  its  results. 


S.  Weimer 
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Kni^^o,  W.^Jtor  I?, 

!11L*1  ^'o^P^^tor  At  Grand  Porkfl :  Seekinfj  ^ the  IndlviduA  j 
Pdncatlonal  Tochnoloqv  V.  11  n  f^,    (Auqust  1^7'))  on.  44-4ri 

When  the  .school  board  at  nrdnd  Forks  doclrted  to  indivtdtializo  Jn- 
3truction,  they  fir?^t  had  the  teachern  estaVUlJih  qoals  of  instruction 
for  (trados  K-12.     The  second  step  was  the  writing  of  behavioral  ohiec- 
tiv<>s  which  would  serve  aa  the  nuclei  of  learning  oackaqes. 

rach  of  these  oackaqes  utilized  a  multi -media  approach  and  offered 
to  the  learner  a  choice  of  learning  exnerlences  within  the  confines  of 
the  established  behavioral  objectives. 

In  1^71  the  nroiect  beqan  utilizing  a  Pr)P-'12  with  a  ICiK  core  and 
a  25riK  disc  menory  which  would  accommodate  the  following  oroqram  lan- 
guages: Basic  Fortran,  Focal,  and  PAL-D. 

CAT 

To  date,  over  200  math  and  science  oackaqes  have  been  developed 
and  revised.     The  average  terminal  time  for  these  programs  is  10-15 
ninutes  hut  some  nroqrams  accommodate  grouns  of  3-4  students  and  thus 
one  terminal  can  be  used  by  BO-120  students  in  a  given  dav. 

The  most  popular  of  the  programs  involves  simulation  of  real  life 
exoeriments  such  as  complex  chain  reactions  in  a  chemical  analysis  of  a 
given  formula. 

CMI 

Criterion  referenced  tests  in  math  are  currently  being  utilized 
while  similar  tests  are  being  developed  in  reading,  science,  social 
studies,  and  some  vocational  programs. 

The  individual  responses  on  the  test  are  read  and  scored  by  the 
conouter  and  the  teacher  receives  a  list  of  names  olus  demonstrated 
weaknesses.     The  print-out  also  groups  the  results  thereby  allowing  the 
teacher  to  qrouo  the  students  for  help  with  comrnon  problems. 

There  is  also  an  Instructional  Information  Service  which  consists 
of  collected  indexes  of  instructional  materials  in  math  and  science. 
There  is  also  a  Professional  Information  Section  which  provides  access 
to  T^RIC  for  the  staff  to  develop  further  programs  of  instruction. 

An  excellent  arficle  of  a  system  which  seems  to  be  accomplishing 
the  .-»vjught  after  goals. 


L.  Shioley 
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Keas,  Robert  D.  ^  Tenezakis,  Maria  D, 

The  Computer  as  a  Socializing  A^^^ntr  Some  Socioaffncttv<   Outcomf>.q  of  OAT 
AV  Communications  Review*      V.  21,   (Pall,  1971)  o.  111-,12S 

The  authors  used  students  at  a  San  Josrs  hiqh  fichool  to  detormlnn 
whether  students  who  used  CAI  or  students  who  did  not  use  CAI  in  their 
learninq  activities  would  have  the  most  favorable  attitudes  towards 
the  computer?  towards  the  teachers?  other  media;  the  expertise  of  the 
comnuter  vs.  the  teacher;  and  the  trustworthiness  of  the  computer  vs. 
the  trustworthiness  of  the  teacher. 

The  results  of  the  project  (usinq  semantic  differentials)  showed 
that  students  had  a  more  favorable  concept  of  the  computer  than  of  the 
teacher?  that  is,  the  students  qiven  CAI  reqarded  the  comouter  in  more 
nositlve  terms.     For  the  non-CAI  group,  differences  were  even  larger  than 
the  CAI  group,  indicating  that  these  students  had  an  even  more  favorable 
view  of  the  computer  as  compared  to  the  teacher. 

The  actual  differei between  the  groups  was  in  the  images  of  the 
teacher  ratlier  than  theii  images  of  the  computer.    The  non-CAI  group  held 
a  clearly  less  favorable  image  of  the  teacher  than  did  fche  CAI  group, 
whereas  there  was  practically  no  difference  between  the  two  groups  in 
terms  of  their  ratings  of  the  computer. 

Roth  groups  rated  the  computer  more  favorably  than  either  textbooks 
or  TV,  on  validity  or  accuracy  of  inforrriation*    The  computer  was  also 
seen  as  "faster."    The  computer  outranked  the  teacher  on  items  designed 
to  elicit  feelings  of  the  students  regarding  the  expertise  of  the  com- 
nuter vs.  the  teacher. 

Differences  observed  and  noted  were  believed  to  be  the  result  from 
differences  the  students  perceived  in  the  learning  situation  in  which 
they  found  themselves  when  working  at  the  computer  terminal  and  in  class 
with  the  teacher. 

Students  believed  the  teacher  was  more  responsive  to  student  attempts 
to  change  "something"*  e.g.,  content  or  format,  of  their  lessons. 

The  maior  reason  for  the  more  positive  view  of  the  computer  was  it's 
expertise  in  the  field  being  studied.     Students  had  a  greater  feeling  of 
trust  for  the  computer. 

Implications  of  such  research  findings  are  that  the  teachers  will 
have  to  develop  new  roles,  for  example,  leaders  in  group  projects;  syn- 
thesizing information;  and  acting  as  a  catalyst.    The  greatest  work  of 
teachers  will  be  in  the  affective  area,  in  subjects  where  the  computer 
will  be  best  able  to  teach  the  siibject. 

Jim  Thiessen 
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'^his  chantor  contains  material  relaterl  to  the  comnuter  as  an  ohiect  of 
stiH'/.     Tt  conair^ers  the  malor  areas  of  computer  literacv,  comouter  nronranvnina, 
and  comnuter  J5cience. 

5^ertion  Q  '-leals  with  connut«^r  literacv,     f^ecause  of  the  arowina  imoact  of 
tho  connutnr  on  ^societv,  comnuter  literacy  has  hecone  one  of  th<i  most  important 
tonicn  in  the  studv  of  the  comouter.     Tt  shouM  be  the  firj?t  cour:^e  in  a  hi  ah 
school  or  iunior  hinh  school,  to  he  followecl  hv  comnuter  nrocrrammlnq  or  computer 
science  (^or  the  student  wishinq  further  study) .     "^is  section  presents  the  need 
for  comouter  literacv^  hasic  course  content,  and  some  curriculum  implications* 

Sections  C,  n,  V,,  F  deal  with  computer  proqr2unminq .    Ttits  section  includes 
aoals  for  comnuter  nroqramminq;  the  CAPDIAC  computer  and  its  ability  to  illus- 
trate  comnutinq  concepts  and  provide  an  introduction  to  proqramminq;  a  discus- 
fiion  of  what  makes  a  good  proqramminq  example ,  with  some  suqqestlons  as  to  ap- 
propriate student  handouts  and  teacher  reference*?,  and  an  article  on  structured 
oronrammina  which  shows  the  direction  of  comnuter  lanauaqe  development* 

Sections        M,  I  deal  with  comnuter  science,     romouter  science  curriculum 
for  the  hiah  school,  small  colleqe,  and  university  is  suqqested/  followefl  hv 
a  rather  difinitive  discussion  of  computer  science  in  hiqh  school. 

Section  .*t  "romnutina  on  a  Shoestrinq"  contains  hints  on  starttnq  a  comoutinq 
nroaram  with  limited  resources. 

section  K  is  a  set  of  abstracts  of  articles  related  to  the  chanter. 

In  general,  this  chanter  nulls  toqether  much  of  the  current  thouqht  related 
to  teachinq  about  computers. 
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bv  Mike  rxinlao  and  David  Moursund 

ronotiters  are  a  W(»ll  established  and  ranidlv  arowinrf  "fact  of  life''  in 
the  United  States,  Western  Furono,  Jaoan ,  and  a  numV>er  of  other  countries* 
Thev  affect  all  of  us  in  our  dailv  liv;^s.     For  examoje,  our  telenhon^^  system 
is  hinhlv  comnuterized;  all  larqe  comnanies  emolov  comnuters  in  their  account- 
in<7  and  hillina  onerations;  all  charae-card  systems  are  comnuterized .  Pomnuters 
are  essential  to  the  operation  of  hanks,  savinqs  and  loan  comnanies,  and  insur- 
ance comoanies.     Airline,  hotel,  and  mocel  reservation  svstems  are  comnuter- 
ized.   The  IRS  uses  comnuters  to  orocess  federal  tax  returns,  and  the  social 
securitv  svstem  makes  extensive  use  of  ccwnnuters,     ronnuter  controlled  machine 
tools  and  comnuter  controlled  "ro^v>ts"  for  assembly  work  are  heqinnin^  to  have 
a  sinnificant  imoact  nnon  industry,     often,  in  such  cases,  one  is  talking  about 
the  direct  renlacement  of  a  human  worker  bv  a  machine! 

Who  needs  to  know  something  about  comnuters,  and  what  do  thev  need  to  know? 
Vfhat  role  should  the  schools  nrades  nlav  in  this  nenera!  area?    Tn  the  fol- 

lowing naqes  we  shall  exnlore  some  possible  answers  to  these  ouestions.  ^^be 
reader  should  be  aware  that  the  ouestions  are  verv  difficult  and  that  there  is 
not  universal  anreement  about  the  answers. 

The  "fOTnoetent"  Adult     Within  anv  culttire,  there  is  a  bodv  of  skills  and  knov;- 
ledqe  which  is  qenerallv  exoected  of  an  adult.    Some  of  these  comoetencies  seem 
to  be  universal:    adults  in  all  cultures  are  exoected  to  understand  and  function 
within  the  social  sanctions  of  their  qroun,  to  comunicate  with  each  other  in 
some  wav^  and  to  attend  to  bodilv  needs,     others  are  culture-sneci f ici  the 
African  nvqmv  must  be  able  to  move  swiftlv  and  ouietlv  throuqh  the  iunale,  while 
the  modern  American  is  exoected  to  be  able  to  read,  write,  and  do  arithmetic. 
For  each  of  these  individuals,   to  nossess  the  skills  needed  bv  the  other  would 
be  as  unnecessarv  as  it  would  be  unusual. 

To  sinqle  out  anv  snecific  bodv  o^  knowledne  or  skill,  then,  as  a  univer- 
sallv  useful  or  desirable  thinq  to  know,   Is  oatentlv  foolish.     It  is  nerhans  more 
reasonable  to  define  such  specific  areas  within  a  nartlcular  culture.    Yet  oven 
here  there  are  ''twiliqht  areas":  most  of  us  know,  for  examole,  one  or  more  fun- 
ctionally illiterate  adults  who  nevertheless  lead  useful  and  worth  while  lives 
in  our  own  li toracv-oriented  countrv.    riearlv,  for  anv  aeneralization  about 
neonle  there  are  excentions,     '^he  existence  of  such  excentions  should  not,  hovr- 
ever,  nrevent  us  from  trvinq  to  drav;  useful  qeneralizations  about  the  kinds  of 
skills  and  knowledqe  that  would  be  desirable  for  most  oeonle  to  have;  and 
''literacy"  is  certainlv  such  a  skill. 

The  tonic  of  comnuter  literacv  has  been  discussed  bv  nrominant  comnuter 
scientists  for  at  least  the  nast  decade,    '^heir  qenoral  conclusion  is  that  it 
would  be  desirable  for  the  adult  nonulation  as  a  whole  to  have  "comnuter  lit- 
eracv".    'T^he  comnuter  literate  nerson  is  not  intimidated  by  comnuters.    He  can 
function  in  a  comnuterized  world  on  a  live-and-let-live  basis.    He  h.is  some 
knowledqe  and  understandinq  of  the  capabilities,  limitations,  and  imnlioations 
of  comnuters.     He  recoani^ies  that  oeonle  desiqn  and  btiild  comnuters,  that  neo- 
nle  are  resnonsible  for  t)\i  actions  of  comnuters.     He  sees  the  comnuter  as  a 
tool  which  can  be  used  for  qood  or  for  evil.    To  s^jmmarize,  he  understands  that 
comnuters  ooerate  under  the  quidance  of  comnuter  oroqrams,  and  that  comnuter 
nroarams  are  written  by  neople. 
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Mecauso  computers  are  re]ativf*1v  no.w  in  our  socletv,  computer  litorAcv 
is  not  wifi^isoread.    Thft  following  (nrohahlv  aoocrynhiil )  storv  of  a  situation 
which  orcurftd  novo  than  a  doz^n  vears  aao,  Is  ntill  reor^si^ntatlvt^  of  tho 
T>owpri  moflt:  noonl'*  aacriho  to  comnutors.    A  nraduato  .<?tudf!nt  at  a  larq^  ml^l^ 
v/^ritf^rn  unlvnr'iltv  i^arrirkH  out  a  roftr^arch  ^tu'ly  and  un^d  a  rommit**r  to  ana1v?:n 
thn  data  ho  aathoroM.     Hf»  <ihowr»d  the  r'>flu]t^5  to  his  na1or  orofeanor;  thf>  nro- 
f<>HHnr  r<?iect<?d  the  ro,sult3        holm  "imnossihle" .    '^^ho  student  then  returned 
to  the  comnutinn  center  an'^  added  a  oouole        ntatementfl  to  the  connuter  nro- 
aram  tified  to  nrore«»s  his  data,    T'hese  c^tatements  caused  the  followina  .sentenre 
to  be  nrinted  out  at  the  1-)Otton  of  the  conouter  nrlntout  of  the  re53earch  results: 

^'^en  the  nrofessor  was  shovm  this  new  comnuter  nrintout  he  accented  the  res\ilts 
of  the  research  without  further  question! 

All  of  VIS  have  read  newsnaner  stories  about  Deonle  firrhtina  with  romonters 
that  reneatedlv  send  bills  for      dollars  and  ^  cents,  and  threaten  court  action 
unless  the  bill  is  oaid  immediatelv,    ^-/hose  fault  is  this,  and  what  can  he  done? 
'^ro.  comotiter  literate  adult  can  cone  with  these  and  other  products  of  comouters 
in  societv, 

'^he  conouter  literate  person  is  not  overw'.elmed  bv  comnuters.    When  he  re- 
ceives a  comouter-printed  nersonal V7.ed  ad  (for  ex<>innle,  headers  Diqest  sends  out 
tens  of  nil  lions  of  these)  he  does  not  rush  out  and  huv  the  proffered  oroduct. 
^'o  checks  his  comouter  prepared  monthly  hank  statement  carefullv  (people  tvoo  in 
the  dollar  amounts  that  are  fed  to  the  comoutr^r)  .     He  auestions  errors  in  hillina. 
(A  qood  examole  is  a  telenhone  bill,    '^he  telenhone  billing  nrocess  is  hirrhlv 
comniiteri/.ed ,  but  neonle  freouentlv  nnt  billed  for  calls  thev  did  not  make). 

^n  analoav  is  often  drawn  between  comnuter  literacy  and  "automnbilo  liter- 
acv".     Mow-a-davs  students  learn  a  qreat  deal  about  automobiles  and  transoor<:a-- 
tion  hv  qrowina  un  in  a  '.v?orld  in  which  cars  are  an  evervday  mode  of  transoortation 
"^ho  noint  is  made  that  in  the  early  historv  of  the  tooic  (when  automobiles 
v;ere  just  heninninq  to  be  mass  nroduced)   there  was  a  need  for  public  education 
aV^o\if  the  tooic.     'r^his  need  went  laraelv  unsatisfied.    Thus,  for  examole,  auto- 
mobiles now  oolute  our  atmosnhere  to  an  untolerable  extent,  and  have  caused 
our  cities  to  become  concrete  iunqles.    Perhaps  some  of  this  could  have  been 
avoided  if  nrooer  attention  had  been  qiven  to  the  study  of  the  caoabili ties, 
limitations,  and  social  imnlications  of  automobiles. 

T'he  fona  ^'^erm  Future      Tf  we  look  SO-100  years  into  the  future  we  can  foresee 
a  world  in  which  computers  are  as  common  as  automobiles  are  today.    The  nreschool 
child  mav  use  ^  comouterized  information  retrieval  svstem  to  remind  him  that  his 
favorite        oroqram  is  cominq  on,    and  to  turn  on  and  oronerlv  tune  the  set.  The 
family  T^/  set  will  also  be  an  interactive  computer-assisted  Instruction  terminal. 
Adults  and  children  alike  may  play  comouterized  qames,  nerhaos  soendtnq  manv 
hours  a  day  interacting  with  a  remotely  located  machine. 

'^he  comnuter  will  be  integrated  into  all  asnects  of  the  oublic  schools. 
(T'his  assumes,  of  course,  that  schools  are  still  recognizable  in  today's  terms.) 
All  teachers  will  know  how  to  use  CAT  systems  and  conouterized  information  re- 
trieval systems;  all  schools  will  emnlov  computer  managed  instruction.    Thus  all 
.'Students  will  interact  daily  with  comnuters,  at  home  and  at  school.    T^ev  will 
develop  a  great  deal  of  comnuter  literacy  as  a  hy--oroduct  of  this  interaction. 
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This  will  occ\ir  without  h^nefit  of  ^'^nv  sneciil  instnict\«^n  H(»<;iqnef^  to  to^rh 
comnutor  literacn/r  anfi  in^innf»ndentl v  of  whether  or  not  conoutor  nroorammi ntr  i 
taught  as  an  essential  nart  of  the  <5chool  cnrric>ilnm. 

^jUL-^I^-T^^  ^I'^^l'^^^-^^n.  ^e^oro      '^cus^^inq  current  oossihle  annroacho*:; 

to  computer  literacy  via  the  schools  qrades  1-1?  it  is  worth  while  to  nee  what 
is  aoinq  on  in  hiqher  education  todav  .     We  will  use  the  nniver*;itv  of  oreaon  a.s 
an  examole*    Anproximatelv  seven  ^/ear?;  aqo  a  comnuter  r^cientist  in  the  Mathe- 
natics  '^enartnent  of  the  Universitv  raised  the  i5?sue  of  co^-iouter  literacv,  and 
nronosed  that  the  ^Mathematics  Oenarb^ent  of^er  a  course  desinned  to  nroduce  lit^- 
eracv.     The  course  would  contain  no  mathematics-- indeed,  it  would  contain  no 
comnuter  nroarammlna!     ^^eedless  to  sav,  the  idea  was  reiectel.     A  couole  o^ 
vears  later  a  Comnuter  {Science  ^nartment  war?  formed  (hv  a  snlit-off  from 
Mathematics) ;  a  computer  literacv  course  has  heen  offered  reqularlv  for  the 
oast  four  vears. 

'^e  issue  o^  the  aonronriate  content  for  a  colleae  level  comnuter  lit<^rac»' 
course  has  heen  hotlv  contested  from  its  verv  h^ainninq.     Amona  the  sunoorters 
of  comnuter  literate  courses  one  finds  two  maior  camos :     one  favors  inclusion 
of  comnuter  nroqrammino  in  the  course;  while  the  other  is  anainst  it.     As  rn~ 
centlv  as  ^our  vears  aqo  thr>re  were  almost  no  hooks  suitahle  for  a  college  fresh- 
man level  comnuter  literacy  course,  v?ith  or  without  nroaramnina.     f'arl^^  (nnn- 
nroaramninrr)   comnuter  literacv  courses  at  the  Universitv        ororron  either  'jsed 
no  text,  or  used  boosts  of  readtnqs,  or  used  other  hoo^s  which  nroved  to  he 
aenerallv  unsatisfactory.     A  chanqe  of  texts  occured  almost  everv  term. 

^he  east  three  vears  have  seen  the  n\ihlication  of  ahout  a  half  ^^o^en  nood 
books  desiqned  for  use  in  comnuter  literacy  courses.     '"hese  contain  MttTe  or 
no  comnuter  nroarammina.     At  the  sane  time  a  number  of  comnuter  scif^nce  toxts, 
des toned  for  a  sem<^ster  or  vear-loncr  freshman  Ir-vel  course,  havr»  anno^r^d.  '^h'^'se 
books  aro  stronaW  oriented  tov/ards  comnuter  oroarrimminn  hut  also  contain  t 
healthv  dose  o^  cjmouter  concents,   comnuter  annl i cations ,  comnuter  imnl vcati nps , 
etc,     *^tudents  stvidvin^  such  a  course  certainlv  aain  comn\iter  literacv. 

r^chools  of  hiqher  education,  bv  and  larne,  are  not  heinn  overlv  succ<^ssful 
fn  their  attemnts  to  nroduce  comnuter  literate  nraduates.     Althouqh  aonronriate 
courses  are  bocominn  increasin'^1  v  available,  manv  students  choose  not  to  take 
them,  narticular  concern  to  the  world  of  education  are  the  nttitudos  of  manv 

colleae    o^  education  anH  teacher  trainina  nroaram  personnel .     '^lnv  schools  ^r^ 
still  oraduatinn  mathematics  education  manors  who  have  had  no  trainina  in  com- 
nuter science.     Manv  qraduate  education  proqrans  do  not  even  encouraae  their 
students  to  take  courses  in  the  field  ("other  thinos  are  more  imnortant--and 
besides  vou  know  those  courses  are  otiite  difficult").     ^n  insignificant  frac- 
tion of  teachers  nrenarinq  in  the  social  studies  fields  mceive  training  in  the 
comnuter  field.     Most  students  in  the  social  sciences  are  not  heina  trained 
to  discuss  the  social  imnlications  of  comnuters,  or  to  nrenare  their  students 
to  understand  such  critical  issues  as  national  data  ban^s  and  invasion  of  ori- 
vacv  hv  comnuter  surveillance.     (Somedav  we  mav  have  a  '*scandal"  involving  in- 
vasion of  nrivacv  usino  national  data  !^anks  that  will  make  the  Wateraate  seem 
like  a  Sundav  school  nicnic.) 

^Jl^^ii^Jl^  Ji*'i^/A-J^  easv  to  see  whv  little  has  hannnn'^d  so 

far  in  terms        comnuter  literacv  for  tho  public  school  student,     ^ost  teachers 
know  little  or  nothina  about  comnuters.     '^hose  teachers  who  do  know  some th inn 
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about  computers  are  mainly  mnthfimaticjs  or  scic»nc<^  teiichers--honco  unl  ikoiv 
to  hfi  nartlrularlv  interesterl  in  Including  tn  their  coursos  Issues  such  a?? 
Hata  hanks  an^l  invasion  of  orlvacv. 

'^Yio  is<uin  is  connonn^lrid  hv  a  lark  of  anpronrif^t.o  toxts  and  nurriculvim 
materials.    Oortinalv  tho  dcfinitivo  computer  literature  tf^xts  for  iunior 
hiqh  school  and  hiah  school  levels  ronain  to  he  written* 

Still  another  difficultv  is  the  lack  of  adequate  and/or  aonronriate  cr  n- 
nntinqi     facilities  in  noTt  Kocondan'  schools.     An  important  nart  of  manv  crm- 
nuter  literacv  courses  is  havinq  the  students  interact  with  a  timeshared  svstom/ 
run  a  number  of  aame  olavinq  and/or  simulation  proqrams,  trv  out  some  <^AT  les- 
sons, etc. 

On  the  positive  side  we  have  the  fact  that  a  number  of  qood  movio<5  and 
film  strips  on  computing  now  exist.     A  siqnificant  fraction  of  the  secondarv 
schools  in  the  (Inited  States  now  have  some  instructional  computi nq  facilities, 
and  more  and  better  instructional Iv  oriented  computer  programs  are  becomi nq 
available  in  computer  libraiie"^,     'Jome  modern  textbooks  are  beqinnin^  tn  con- 
tain units  on  comnuters.     Tn  manv  schools  a  reasonable  mimber  of  teachers  know 
something  about  computers  (for  examnlo,  nerhans  all  o^  the  mathematics  teachers 
know  how  to  nroqram  in  nASIC)  ,     All  of  this  combines  to  provide  a  beciinnlna, 
v^ut  much  rem^^ins  to  be  done. 

The  tonics  anri  ideas  leadiivq  to  computer  literacv  nhoulrl  be  intearat^^d 
into  thr>  ourrirrulum  qra^^o^^  1-1?,     Tn  fhe  r^lo'^^ntnrv  school   t^hTs  v;nuld  nnt,iil 
verv  little  channe,     Students  rroulfl  he  exonsed  to  tHr*  concent,  of  tho.  r:rynni\tr*r 
as  an  information  nrocessinn  n.\chine/  and  as  a  kev  element  of  communi«^a tions 
svstems  such  as  a  telenhone  system,     A  stroni  analonv  between  electronic  desk 
calculator--human  operator,  anr^  connuter — comnuter  oroqram,  could  be  devr^loned, 
Students  could  learn  that  a  computer  allows  automation  of  manv  of  the  act:! vi  ties 
that  can  be  carried  out  hv  a  man  workinc?  with  an  electronic  desk  calculator. 
A  visit  to  a  commitinq  center  (including  runnina  some  appropriate  demonstration 
oroqrams)  and  vicwinc?  some  films  miaht  he  the  hiqh  points  of  the  nronram*  ^er- 
hans  most  imnortant  at  the  current  time  at  the  elementary  school  level  is  that 
students  not  be  fed  misinformation,    ^hev  qet  enouoh  of  this  from  the  t^/I 

In  iunior  hiTh  school  the  topic  of  computer  literacv  becomes  more  imnortant. 
At  this  level  the  student  sho\ild  studv  the  effect  of  the  computer  unon  novernment 
business  and  industrv.     {The  use  of  computers  hv  the  militant  is  also  worthv  of 
special  consideration.)     St)idents  should  aain  a  familiaritv  with  the  capabilities 
and  limitations  of  computers,  and  current  uses  and  misuses*    Most  of  this  in- 
struction should  occur  in  the  social  studies  courses  taken  bv  all  students • 
However,  the  computer  should  be  mentioned  freqtientlv  in  mathematics  and  science 
courses,  since  it  is  a  fundamental  tool  in  these  fields. 

Tt  is  at  the  hioh  school  level  that  the  importance  of  computer  literacv  be- 
comes critical.     In  the  elementarv  and  iunior  hiqh  schools  the  student  is  far 
from  terminatinq  his  formal  education,  and  the  development  of  computer  literac^/ 
can  be  a  slow  and  carefullv  reasoned  process.     Tn  hiah  school,  however,  manv 
students  are  on  the  verrre  of  terminatinn  their  formal  education.     This  is  the 
last  time  thev  can  be  reached  in  a  svstematic  manner,    '^hus  a  formal,  required 
course  desi^neH  to  qive  computer  1  iter acv  see^ts  imnnrative.      Such  a  course 
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should  nrohahlv  ho  a  sevaostor  in  lonath.     It  should  bo  tatiorht  hv  a  te<^chor 
who  is  enthusiastic  about  the  fiolfl  of  comoutors,  and  who  has  annroorlafo 
trainina  and  exneriencfi  in  that  fiold.    '^ollowinn  Is  a  list  of  tonics  for 
such  a  course. 

1)     ^ho  studont  should  understand  v;hat  tho  computor  is  and  what  it  doo^,  and 
that  tho  conn\itor  is  not  a  manic  black  box  or  an  answor  nachino.     Ho  should  ro- 
alir.o  that  conotitors  ^ako  orrors,  what  tho  sourco  of  thoso  orrors  nav  bo,  and 
how  thov  can  bo  corroctod.     Tho  shudont  should  bocomo  av/aro  that  tho  connntor 
is  a  nachino-^-a  machino  in  tho  hands  of  npnPT.r. 

?)     '^ho  studont  should  roalir.o  tho  valuo  o^  comnutors  in  nrocossinn  informa- 
tion for  businoss  and  industry,  with  sono  studv  dovotod  to  tho  apnlications  of 
tho  comnutor  in  oducation,  nanufacturinq,  qovornnont,  tho  military/,  and  law 
onforcomont. 

1)     "^ho  sttident  shotild  reco<7raze  somo  of  the  danqors  associatod  with  tho  comnu- 
tor.    Genorali/.ed  data  banks  such  as  credit  files,  nodical  files,  and  criminal 
histon/  ^rlos  should  Ho  studied  alonn  with  their  inol ications .     ?^tndonts  sho\ild 
realize  hov;  tho  connutor  naVes  this  information  noro  danqerous  or  valuable  bo^ 
cause  of  the  sneed  with  which  it  is  available,     'r^he    nonnle  in  control  of  comnu- 
tors  can  exert  control  ovor  other  neonle  bv  usinq  the  information  stored  in  tho 
comnutor, 

-1)     '^ho  student  should  become  awar^  of  somo  of  the  vocational   imnli cations  o*"  rhn 
connutor.     Here,   information  should  he  nrovidod  as  to  the  effect  that  tho  con- 
nutor IS  havinn  on  the  nature  of  worV-,  and  what  kinds  of  training  tho  student 
miaht  seek. 

'T^ho  student  should  have  a  norsnoctivo  on  w^oro  wo  have  come  as  a  rosiilf  o^" 
tho  connutor,  or  whore  v^o  mioht  bo  without  it. 

^inallv,   tho  future  role  of  tbo  r:omnut'**r  for  t^^o  hot  torment  o^  our  soriofv 
sho\ild  Ho  considered  in  so^o  detail  . 

'^ho  issue  o^  whether  one  sho\ild  toacli  sono  connutinn  nrooramninn  in  this 
conr^ntor  litoracv  course  will  not  bo  resolved  in  this  article.     1  ^  adequate 
comnutor  facilities  exist,  and  the  teacher  is  oualifie-^  to  r^n  so,  then  teaching 
somo  connutor  nronramminrf  can  enrich  the  course.     ronverselvi  teach ina  too  much 
nroqramninq  will  surelv  destrov  it[     A  maior  nroblem  in  the  next  ^ew  "o.-^rs  will 
ho  the  variotv  of  hacknrounds  that  students  will  brin^  to  the  course,  f^omo 
vn.ll  have  used  comnutors  for  voars,  in  their  iunior  hi  ah  schools,     others  vrili 
have  7.oro  backnround  nlus  considerable  fear.    Such  a  course  will  challenae  th*^ 
best  of  teachers  I 

As  mentioned  earlier,  over  a  neriod  of  voars  tho  ne^d  for  a  soncific  connu- 
tor litoracv  co\trso  in  hinh  schools  will  5;]o'^'lv  disannoar.     '^ho  elomontarv 
school,  iunior  hinh  school  and  the  homo  will  nraduallv  take  ovor  this  asnoct 
of  comnutor  odtication.     The  hinh  school  level  material  can  he  intonratod  into 
the  social  studios  curriculum,  and  Ho  handled  bv  the  social  studios  to/ichors. 

Conclusion    '"ho  comnvitor  is  an  imnortant  tool  to  our  societv.     Tt.  i ncro^-i^^ns  nur 
>)rain  nov;or,  as  our  earlier  machines  increased  our  muscle  nower.     ^ut,  aq  an  ex- 
tension of  the  mind,  the  comnutor  is  far  more  floxihle  and  nowerful  than  anv  of 
man*s  tools.     As  a  result  it  is  imnorativo  that  '^o  nrenaro  our  children  with  t.hr* 
basic  comnutor  litoracv  that  thov  will  need  in  the  v;orld  of  tomorrow. 
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nOAhr,  IH  TKACMING  COMPriTPR  PROHPAMMTMn 

tfistor icallv  the  comoutpr  tool  was  consHoro^  somov;hfit  'Ufficult  tn  uso; 
thf>  first  nroarannf^rs  woro  ronoarch  sciontistf?,  nor.t  of  whon  ha^l  ^h.n.  *s. 
Soon,  ho\7ovr>r,  qraduatf^  stirlonts  v/oro  "allov/o'V  to  Inarn  to  writo  or  on  rams, 
^^v  thn  oarlv  loro'r;  manv  col  loac'?  ani^l  tinlvorsi  tlos  offpro'^1  coninutpr  nronrarnni  n''i 
con r SOS  that  wr<»  onr^n  to  undoraraduates   (tbo  ronrsos  woro  non^rallv  number o'l 
-^t  the  senior  undnrqra^^iiato  level)  ,     Tt  '•'as  'i>>o\it  this  same  time  that  ronmitor 
nroaram"iim  heaan  to  cono  into  a  ^r»w  '^orrMriarv  schools;  an^^  it  was  snon  ''Icnnn- 
«?trato''^  that  even  iunior  hiah  sc^O'-O   stu<ients  could  learn  to  write  nroararis  in  a 
lannuaae  such  as  ^ORTPAm. 

'T'he  mid-10r>0*s  saw  the  devol onn^-^nt        HA^ir  and  the  soread  of  he'^inninq  nro- 
ara^Tt\ina  courses  tn  nore  and  more  universities,  colleges,   iunior  col  leaps,  co'^nuni- 
tv  colleaes,  data  nrocessina  schools,  etc.     ^  larae  n\ii^her  of  nroqraTnminq  t'^xts 
(in  narticMlar,  poptrw  texts)  wr»rp  onblishnd*     nv  the  end  of  the  l'^f'/>*<;  nn^-.t 
schools  were  offerinq  such  a  courso  at  the  ^reshnan  or  soohomore  IpvaI,     Tn  somn 
reasonable  sense  the  content  of  an  i  ntrodnctonr  FOptpan  co\irse  at  the  coll^qo 
level  was  "standardized"  bv  the  rather  standard  content  of  nnst  texts  on  th^  snh- 
iect. 

An  introdnctorv  nroqranninq  course  can  hnv<-  a  numhpr  o^  di^f eront  rroals.  A^ 
the  coll<»qe  level  tho  two  kev  qoals  tend  to  bo  r 

K     T'o  nrovidr*  the  stud<»nt  with  adnniiate  skill   to  use  comntiters  in  his 

chosen  ^ield   (business,  r»nq^  noer  i  nq  ,  r>tc.). 
^.     To  nrenare  the  student  to  qo  on  the  th^  next  hinber  levr>l  course  in  com- 

ntitinq . 

At  tho  secondarv  school  level  the  i  ntro<luctorv  nronranmin^  cot\rso  do^s  not 
fact  the  sane  restrictive  ooals.     ^  list  o^  sonr  nossihle  suital^lo  qnils  '^or 
such  a  course  is  oiven  below.*    Mote  that  a  tvoical  course  will  not  havp  all  of 
the^e  '^oals. 

1.     '^o  teach  oroblem  analvsis  anl  solution  from  a  connu  ter-or  i '^rite/l  ooint  f)^ 
view. 

'^o  teach  a  subset  of  a  comoilor  lanauaq*^  such  as  nAF^TC,  ronni.,  ^"npn'RAfi  ,or 
^^h/l,  and  to  qivp  the  st\ident  s^'ill  in  nroqraranin'"T/x^.he  chosen  lanauaqe. 
It  is  ir^ioortant  that  th*^  instruction  >^e  nlvon  in  such  a  manner  that  it 
is  not  too  denendent  on  a  nartictilar  lanauaqe. 

,  oresent  the  canabil  iti  es  and  limitations  of  copouters   (and  Tiorhans 

o^  a  ^articular  nroqramminq  lanquaqe),  and  imnlications  o^  th^  r^-^a  b' 
availabiJitv  o^  comnuters. 
4,     To  acnuaint  the  student  with  the  idea  of  machine  and  assembler  lanquane 
nroqramminq. 

'S.     '^o  teach  the  student  how  to  use  nackaqed   ("canned")  nroqrans. 

A,     '^o  qive  the  student  sufficient  train  inn  in  connutin^  *^o  that  ho  can  co^n- 

nunicate  with  a  oroorammer. 
7.     To  introduce  the  student  to  the  basic  concents,   ideas  and  qoals  o*^ 

connuter  science . 

*^rom  nr.  navid  **oursund's  "'"oichira  HA^ir  and  ro^>^o;^^^:*  ^  }^n'^,  {t^p- 

niiblished  manuscrint)  . 
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^,     '^o  ipshill  in  tho  stvvlr^nt  certain  ahhi  tudos  tov^ard  oomnutors , 
0.     To  oroviHo  a  combination  of  th<>  abovp  noint^>  which  will  nrorvirf^  tho 
?^f:n^ont  to  ao  on  to  a  more  'I'ivanceHI  cour^o  in  comniitor  science. 
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HSFS  op  cAnniAC  hv  Don  nallaaher  an^  Jin  Muck 

t,     Tnhro^iiction  to  rAPOTAO 

CAHOIAC  is  an  acronvn  for  rvHTjihoarrl  T^llustrative  A^i^  to  rof^nutation. 
CAf?nrAC  illu55trates  the  oneration  i)f  a  comnntor  v;rthout  actuallv  boln^  a  co-nniitnr. 
It  is  a  oractical  ai'^  to  undnrstan'^i  na  comnuters  an'-*  conontor  nmnramrni  na . 

Many  toachfirs  who  aro  lookinq  for  choan,  offoctivo  nr>thorU  of  oro.'^ont  i  na  ':o^~ 
nvtf^r  sci^^nc**  concents  havf>  ovnrlooko^l  '^A^^niAr.     Tho  rAPpiAr  Is  .1  sinnln  co^nn^'^r, 
(to.VGloned  hv  T^oll  Telenhono  Tiahoratorlos .     It  is  mrvlo  of  car^hoard  and  han  a  ^-><^t 
of  ton  nachine  lanauaoo  instrvict  ions .     Tho  student  manipulators  the  narts  of  tho 
rAROTAC,  and  in  so  doinq  aains  an  undcrstan^ina  o^  how  the  commiter  works. 

^he  TAf^ntAr  nav  be  ohtaineH  free  from  Pacific  Northwest  Bell  "f'eTeohonn, 

TT.    T)<5os  of  CAROIAC  in  Introductory  rotirses, 

^AP.ntAr:  could  he  use^i  in  an  introductory  oroqramminq  cotirse.     Tn  this  'situ- 
ation it  could  be  used  to  lav  aroundwork  for  nore  advanced  ideas.     Tt  can  al'^n 
he  used  as  a  motivation  tool  in  encouraqinn  flow  chartinq  and  other  ba«;ic  con- 
cents which  will  he  discussed  later  in  this  article,     iisina  ^ARDTAr  as  a  tool  will 
qive  the  student  exnerience  he  will  find  useful  when  he  comes  into  dimct  con- 
tact with  a  co-nnuter  facilitv* 

^^APsDlAC  could  he  use'i  for  a  two  to  three  dav  noriod  in  a  comouter  litnracv 
course  as  a  means  of  introducinq  the  basic  narts  of  a  comouter,  and  i  1 1  tistra ti  na 
the  flow  of  activity  within  a  cotnouter,     Tt  should  be  note^^  /  >)Owevor,  thr^t  onlv 
vorv  sinnle  nroqrans  should  bo  written  as  this  is  nrob^>ilv  the  students  ^irst 
exnosure  to  a  nachine  lannuaqe.     *^tich  use  of  rAPniAC  should  nrovi'^lf*  th^  -^t-ud'^n^ 
with  a  better  understandinq  of  basic  comnuter  concents. 

ITT.    Uses  of  ^^ARDTAC  in  Other  Courses 

Machine  lanquage  proqraminq : 

rAPDIAP  nav  be  used  i:;  anv  orcqrarnTninq  course  as  an  introduction  to  nachine 
lanquaqe  nroqrcwnminq.     With  its  set  of  ten  oneration  codes  and  one  hundrnH  word 
memorv,  CARDIAC  would  be  a  valuable  aid  in  an  intro^hiction  to  machine  lanquaqe  nro- 
qranminq  for  the  hiqh  school  student. 

Assembly  lanouaqe  nroqrar\ninq: 

An  intemreter  could  be  written  in  anv  available  nroqrammina  lanquane  which 
would  internret  the  cardIAC  machine  codo.    This  internreter  could  then  be  use'l 
as  a  basis  for  offerinq  a  nroqramminrr  course  in  CARDIAC  nachine  lanquaqe  at  the 
hiqh  school   level.     (Writinq  an  internreter  which  executes  machine  code  v;o\ild  he 
an  excellent  r^roject  for  an  advanced  hinh  school  nroqrammrnq  student).  7\nother 
qood  nroi'j^t  would  be  to  build  an  ass<»mbler  which  nroduces  machine  code  from 
assembly  code,     '^he  internreter  could  th^n  execute  that  cod^.     ^he  develonment 
of  an  assembler  could  then  lead  to  more  advanced  studr^nt's  considerations  o^ 
text  editors  and  file  handlinq  routined. 
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romn\itr*r  arithnr^tic: 

A  modification  of  n^pnTAC  to  tne  another  hane  art thmetic, (such  as  oc- 
tal) would  nrovide  a  npjans  for  introduction  of  connutor  arithmetic  to  the  stu- 
dont,     '^his  aqain  would  aid  tho  .student  in  tho  undorstandf nq  of  connuters  af5 
he  obtains  an  aooreciation  of  the  way  in  which  comnuters  do  arithmetic. 

TV.    (!<;ef5  of  CAUPtAr  to  Illustrate  ^omnuter  roncootst 

The  rAPDTAC  ir,  an  excellent  tool  for  illu?5tratinq  nanv  concents  of  coraou- 
ters  and  comouter  science.     The  tooics  mav  vary  from  verv  elementarv  topics 
{narts  of  the  comnuter,  counters)  through  intermediate  tooics  (hootstranoina , 
subroutines)  to  some  quite  advanced  tonics  (sortinq,  stacV.s)  .    'r^he  ^ollovlna 
discussion  suaqests  nossihle  uses  of  the  rAPniA^  in  iWustratina  various  con- 
cents.    An  introductorv  course  would  cover  the  basic  concents;  however,  it  is 
nossihle  to  introduce  a  few  intermediate  tonics  such  as  subroutines • 

Pasic  Concents: 

^ive  T>asic  T>;^rts  of  the  romnuter  (  ,  Memorv,  Arithmetic,  and  '"ontrol)*, 

fhfit  student  becomes  involved  with  the  narts  of  the  comnuter  hv  manually  movinn 
data  around  and  nrovidinq  some  control  functions.     He  can  see  the  interaction  of 
the  computer  narts,  the  flow  of  data,  and  thereby  aain  an  understanding  of  the 
role  each  seanent  of  the  comnuter  nlavs  in  the  nrocess  of  commit ine» 

Innut/Outnut r     nv  actually  doinn  the  innut  and  outnut  the  student  encounters 
the  need  ^(v^  memory  and  the  relationship  hetwr^en  innut/outnut  and  memory,     '^he  stu- 
dent is  therebv  able  to  distinouish  between  a  memorv  location  and  the  contents  of 
a  memorv  location. 

Instructions  and  Pata:     The  student  soon  become;;  aware  that  within  the  com-- 
outer  there  is  no  difference  between  instruction  and  data.     Here  the  student  be- 
lins  to  realise  that  the  distinction  between  instructions  and  data  is  a  control 
function  of  the  comnuter  and  denendent  on  the  Placement  of  the  nrooram  counter^ 
which  in  PA^niAr  iq  called  the  "bua". 

Simnle  Proarammino:     The  rAP.DIAC  provides  a  number  of  exneriences  in  writ- 
inn  simnle  comnuter  nroarams  • 

^loorithns  and  ^lowchartinn :     '^.e  need  for  a  sten  hv  sten  nrocedur^  to  nro- 
aram  the  rARPTAC  provides  an  excellent  onnortunitv  to  introduce  and  work  v/ith 
tt*-!  concents  of  algorithms  and  flowcharting  which  are  essential  narts  o^  a  pro- 
n  'r^n'^.\r^1  cour'^-^ . 

^etch  and  Execute  ^''cles:     '^he  sttident  has  the  onnortunitv  to  observe  first 
hand  th'^  control   functions  of  the  comnuter.     '^he  control  cycles  which  fetch, 
decodo  and  then  execute  an  instruction  are  exnosed,     '^hn  soocial  operations  that 
result  in  control  such  as  branchina  and  testina  data  values  can  be  observed  in 
the  ^'ontrol  unit  and  throuah  the  actions  of  the  nroaram  counter. 

r'ounters!     The  concents  of  nroarammina  renetition  and  looninn  can  be  ob- 
sorved  v>v  the  student  who  nav  want  to  construct  a  counter  as  an  example  of  both 
a  control  routine  and  a  simnle  nroaram. 
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^un  is  In  Rhnr/>  ^or  th'^  .«5^.n'^f^n^  who  ha^^  nroarp'is'^fl  ^pvon''^  ^hct  <^tnno 
basic  ronconts  hv  r>xaminina  thf*  ^ollo^N^ina  conronts  anH  atir^stinns , 

nootstranni  nn :     How  rloos  hh<^  comnnt-rir  nroqram  actual  Iv  a*^t  into  th<^  ron- 
outpr'^    '^ho  concents  in  hootstraonina  nroviHr^  hho  s^l^1ont  hho  an^v/or  to  thii 
oi.mstion  an''!  at  hho  samo  tim^*  sbow  t>at  the  nroara*^  v?hich  nlhi^atolv  wvp'Is 
as  control  information  is  itsolf  rPrid  into  tho  comnutf^r  as  liata. 

T-oa^lr^rs:     .^  nattira'^  oxtonsion  o'^  tho  rnr\ror>t  of  Vioot'^traoni  nn  i  *i  v^**'* 
viso  o'^  loci-if^rs.     ^r\r.r>  i  loarler  is  ^-^oots trannoH  into  tSn  comnutor  d  snorvt  ^  .in-l 
^as*^  accf^ss  i?;  avai]aM^>  for  othr»r  nroarams,     On*^  vorv  imnortant  conro'^t  that 
anooars  hr^ro  is  in  address  modi f iration,  whoro  tho.  loadf^r  nvvst  hav*^  tho  rana- 
hilitv  of  channin'^  thp  location  whov^        loads  an  instruction. 

^ince  tho  '^A^nTAC?  doos  not  havr>  a  mn  1  ti nl  ication  or  division  connan'^  in- 
clud<*/1  in  its  instruction  sot,  nro<^ra'*^s  crin  ho  written  nsim  tho  concents  of 
roi^natod  addition  an^  subtraction,     '^his  loads  to  considoration  of  tho  following 
conntjtor  conconts, 

<^nt  imitation :     If  tho  stud  on  t  is  nultinlvina  t<^n  timos  two  is  it  )^*^*-t:r»r 
♦"or  him  to  add  1*^  t\^o  timos  or  P  ton  tj*n^s^     noes  tho  nroqram  havo  to  hav^  f-Sr. 
data  nrosontod  in  a  cor  tain  ordor,  or  can  tho  studont  ^ind  a  notho^i  o^  tio-uin'* 
tho  data  and  havo  tho  co^nntor  ordor  it   in  tho  most  of^firiont  mann'^r, 

o^/orflow:     '-rhat  ha^oons  v/hon  tho  -^ata  hocomos  too  1  arno  for  tho  'iccumM  1  r) t^^r'^ 
ivhat  aro  tho  imn1  ications  o^  not  hoino  ablo  to  stor^  tho  ovor^^low  dioi  t'^  "^'i^^ 
r>rosnrvat ion  of  accuracv  Toads  t)\o  st>idr>nt  into  considorations  of  dou^M  nrr.r-i  - 
si  on  num^ors  and  rlouhlo  nr^^cision  "^n  1  tini  i  en  t  i  r^n . 

'-hi^tin^r     '^ho  shift  comman^l  is  nocossarv  in  dou'^l^  nrocisinn  an'"^  i  Mu^- 
tratos  on^^  of  th*^  most  nov;orftil  charact*^ r is t-i  cs  o^  comoutor  ronistors.  '/hit 
hannons  to  a  numHor  whon  it  is  shifto-^*^  ono  snaco  }o^t  or  riaht? 

Tnteaor  Division:     ffov;  doos  tho  studont  dorido  whon  tho  division  ^rncon^i 
will  ond  and  thon  what  is  done  with  tho  romaindor? 

nocinal  ni vision?     "^ho  uso  of  r>torano  and  shift  normit  tho  studont  to  con- 
tinuo  a  division  bevond  an  Inteaor  rosult*    ''That  aro  tho  imolicatiom  of  docimal 
division?    Uow  could  tho  st\idont  do  double  nrocision  '-Vivision? 

f^ubrouti nos  r     A  vorv  crud^  snbrouti  no  iumn  and  return  mochanism  is  b\tilt 
into  coll        of  tho  cARDTAr  ^'rom  which  tho  studont  can  oain  insinht  into  th^ 
idoas  of  suhrotitines  and  subroutine  nir^a^o.     ^inco  onV'  ono  subroutine  is  nor-* 
mi ttod  at  a  time,  tho  student  mav  invent  methods  of  savim  tho  return  address 
of  tho  nrovious  ro\itino  so  that  ^lo  mav  have  i  subro\itino  i>\mn  from  another  sub- 
routine. 

Advanced  Oonconts : 

''si  n'^  ^A^nTA'''  it  is  nossibio  for  stiid'^nts  to  consi '^or  noro  ;!dvance^  con- 
coots  such  as  or^oratvons  of  tho  cc^nut^r  in  "Tio^orv  '^riaco  manaaonont  or  in  th«^ 
construction  of  hiaher  Tovol  lan^uaanr, .     r^omo  of  tho  foHovin^  concents  an  J  Tur.<-,- 
tions  mi'iht  bo  anoronriato . 


ERIC 


Ill  .n,«^ 


Arravn:    Thf>  rAPDIAr  donn  noh  heivo  oroviRion  ^or  arravs;  howovor  tho  in- 
nonloM<5  Rtu^Ant-  C'^n  nain  ^\ich  insiahh  into  nr^r^iorv  manaqf*ment  nhrouah  thr  Im- 
nllmentcihion       arravs.     One  of  the  auestions  to  hr^  encountered  hore  Is  that 
of  5itihf?crintina  and  thn  translation  of  tho  r>uh<5crlnt  into  actual  m<>norv  loca- 
tlvins.    '^ho  fnanoina<5  that  arf»  involvrr"^  in  thn  tis*^  o^  thn  matrix  will  challenoo 
r^ven  thn  ton  i^tudent. 

r^ortina:     Ono        tho  hotter  annlication^  of  PAnniAC  nroar2iTnminn  i<5  in 
sortina  ?5inoe  the  student  must  deal  v;i  th  innut,  outout,  conntinq,  nested  count- 
inn,  arravs,  5;ubf5crintinq ,  testing  data,  and  noF!55iblv  subroutines, 

Stacks:     '^he  stack  is  a  fir-it  in-last  out  tvoe  of  list  and  is  essential  if 
the  student  is  qoinq  to  develon  subroutine  calls  hevond  the  second  level  . 

Sinnle  Tanked  List:     Memorv  allocation  and  tise  can  be  studied  through  thr> 
annlication  of  linked  lists,     irore  the  student  provides  both  a  data  item  and  a 
nointer  to  the  location  of  the  next  data  iten,     "r^e  concent  of  dvnanic  storaae 
allocation  ran  be  studied  usinq  the  linked  list  which  has  anolication  to  keeninq 
data  in  an  ordered  fashion. 

V.  Sunnarv: 

An  acronvn  for  Cardboard  Hlustrative  Aid  to  Comnutation,  CARDIAC  nrovidos 
a  very  practical  aid  to  understanding  of  computers  and  comnjjter  oroaramminq. 
While  we  have  seen  that  some  verv  advanced  computinn  concents  can  be  ill\istrated 
usinq  CARDIAC  nrobablv  its  biaqest  asset  is  the  fact  that  it  is  a  very  inexoon- 
sive  method  of  orovidinq  an  introduction  to  computer  concents  and  oroqrammlnq. 

CAT^niAC  could  be  the  basis  for  a  oroqramniinq  course  at  the  hiqh  school 
level  at  minimal  cost* 

CAODTAC  is  not  a  computer  but  it  illustrators  the  operation  of  n  computer 
and  thus  can  be  a  verv  powerful  aid  to  understanding  whether  vou  use  it  for  a  ^ew 
houis  as  an  introduction  to  computers  or  whether  vou  tjse  it  for  a  complete  course. 

Perhaps  the  potent^  al  of  CARDIAC  has  been  overlooked*    There  are  def initelv 
more  desirable  wavs  of  studying  computers  but  probably  none  as  simple  or  as  in- 
expensive to  use.     \<hv  not  consider  CAPDTAC  for  use  in  vour  classr^s?    You  mir^jt 
ho  STirorised  at  the  results  I 

VT .     differences : 

1.  ^aul  ^inqerman  and  Pavid  Hagelbargor,  "An  Instruction  Manual  for 
'"ARDIAC^  ^ell  System  ^^ducation,  106^. 

2.  Mike  Dunlao  "The  Use  of  C'XRDIAC  as  a  Pcdaqoqical  'I'ool  in  Computer  Sci- 
ence**, lO?*}.     (rjnpublished  manuscript)  . 
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>->v  ^obr*rt  T.nvf.on  ani  Davirl  Mourrjnnd 

tnt.ro^Viction ;     ro\irsr>s  in  cownitinq  oronr^-^rn^i  nq  rr^lv  hr^avilv  on  orooramTT^i  nn 

of  tho  oxnnnlof?.     A  nritnarv  concern  of  toichprs  of  conoutor  oroarannrno 
tho  socon^^arv  an^l  conmonitv  col  loan  lovols  is  th*^  1  acV  of  nood  exa^olor;  whir-h 
arr*  sviitahlr*  for  w^f^  in  cla^s  fliscassion  or  as  oxercif^os,     A  nunh<^r  of  horjVri 
am  available  which  nresont  an^l  discuss  suitahlo  nrohloms  for  solution  on  a 
connwtor.     "'he  fundanontal  difficultv,  bow^^vor,  is  that  most  nonoral  soarcos 
of  nroblens  do  not  takf*  into  consideration  thn  narticular  nr»fids  of  socon'^an/ 
school  teachers.     In  the  secondarv  schools  one  finds  widf>lv  van/ina  Irvols 
and  lonatbs  of  courses,  tvnes  of  student  prereouisites,  dooths  of  teacher  know- 
le^ie,  kinds  of  comnuter  hardware  and  software,  and  denroe  of  comnuter  acces- 
sahilitv.     '^hus  most  secondary  school  teachers  of  connuter  nronra^ina  end  mo 
cr/»atina  a  personalized  set  of  examoles  and  exercises,     '"his  article  discusses 
some  o*^  the  features        a  qood  examle  or  exercise  and  nresents  a  nethod  for 
the  svstenatic  collection  and  presentation  of  examoles  and  exercis'^s, 

nesi rable  '^oattjres  in  rxamnles  and^  Exercises 

It  Is  said  that  "beauty  is  in  the  eves  of  thn  beholder."    '"o  a  larao  extent, 
this  same  is  tr^ie  of  comnuter  nronramminn  examoles  and  exercises:     what  ann«^als 
to  one  student  mav  be  borinq  or  conf\isino  to  another,    >leverthelpss ,  most-  nood 
<^xamnles  and  exercises  have  some  common  features.     A  lis*-  of  such  fe^ttir^^s  v'ould 
include  the  followinni 

1.  '■'elevance  to  the  student  interests. 

2.  ^hal len^e-encouraqe  the  student  to  think « 

1.     Oenoralizabilitv  to  a  larqer  class  of  problems. 

4,  Fxoandabi li tv. 

5,  Aonroor lateness  for  conouter  solution, 
r.et  us  hrieflv  consider  each  of  these  in  turn. 

Pe leva nee  •  rxamnles  and  exercises  should  relate  to  the  interests  o^  t^e 
students*  A  seventh-qrader  is  nrobablv  more  interested  in  battinq  averages  th^^n 
in  the  '^iV>onacci  sequence;  a  business  oriented  student  would  rather  compute  a 
compound  interest  table  than  a  table  of  souare  root  values,  '^he  teacher  is  fac^d 
with  the  challenqe  of  addressinq  the  problem  or  exercise  to  his  specific  stu- 
dent population.  Tt  is  no  secret  that  interested  sttidents  tend  to  learn  more 
than  non^-interested  ones. 

Hl'lLljLnnS.  "  '^^^  computer  is  a  valuable  tool  in  problem  solving,  and  students 
should  learn  to  use  it  as  such.     A  computer  nrooramminq  course  should  teach  codinq 
as  a  means  to  problem  solvinq,  not  as  an  end  in  itself.     The  exercises  and  nroh- 
lems  sho\ild  challenqe  the  student's  inqenuitv  and  should  encourane  him  to  think 
of  creative  solutions.     '"Thile  trivial  examples  can  be  useful  to  illustrate  the 
svntax  o*^  a  oroqramninq  lanquaqe,  more  meaningful  and  challenoinq  problems  should 
lead  the  student  uo  to--and  bevond— the  limit  of  his  analytic  skills,  '^allenne 
of  this  sort  will  stimulate  the  student  to  use  his  nro^^ramminq  skills  as  well  as 
to  aenerali^.e  thorn  to  other  problem  situations. 


npner^l  i  ^^'^^>Vl  ^  ^     "  Whorovor  possible,  an  nx.^mnlo  or  oxi^rcise  should  ri>- 
nrosont  a  hroaH  class  of  comniitor  ann]  i  cation*^ .     ^nr  oxamole,  a  math  orionto'1 
fitudrjnt  mlaht  b*^  a*j^od  to  comnutn  a  table  of  values  of  an  alaebraic  or  trio- 
on'notrlc  function,     ^uch  a  oroblf^m  nav  be  usnH  to  illustrate  the  aeneral  con- 
cent of  loonina.     VVUtionallv,   table  construction  is  th^  kev  to  the  solu- 
tion of  manv  imoortant  nrohlops  in  mathematics!  non-linear  eauation  solvina 
in  one  unknown,  ^indina  the  area  \in^er  a  curve,  determining  the  extremeCJL  o*^ 
a  function,  and  .solving  differential  eatiatlon'^  are  all  exannlo5i        nroble^ns  in 
v/hich  tcible-construction  can  he  used.  the  teacher  recognizes  the  wavs  in 

v;hich  a  techninue  generalizes  to  nan^  sorts  o^  nroblems,  she  can  use  this 
understanding  exnlicitlv  to  enhance  the  student* s  qrasn  of  nroblem  analysis. 

^xoandahi  li  tv  -  This  characteristic  is  similar  to  nenerali?;abili t^/,  but 
has  to  do  soecificallv  with  the  broadeninn  of  a  simole  technique  to  solve  nro- 
r;ressivolv  more  comnlex  nroblens.     An  exannle  mav  be  nresented  initiallv  in  a 
verv  elementarv  way,  and  nraduallv  extended  to  more  difficult  situations.  One 
nirrht  benin,   ^or  examole,  with  the  nroblcn        findi'na  the  arithmetic  mean  of 
5  numbers,  and  exoand  this  to  the  neneral  case  of  M  numbers,     '^he  more  ooen- 
ended  an  exercise  is,  the  more  likelv  it  is  to  entice  the  students  into  in- 
vostiaatinn  solutions  on  their  o\m,     *^imilarb',  simnle  routines  mav  bo  incor- 
norated  as  stibnroarams  in  a  larqor  problem  over  the  course  of  a  term's  '.vork; 
this  enhances  course  coherency  and  provides  none  insiqht  into  nronram  senmon- 
tation . 

Annronr i  atonr^ss  ^  Tn  thr^  r*^»al  ^  'orld  co^irititor^  are  >isod  *^or  a  hroa''^  variet'' 
problems.     '^my  problems   involve  larqe  amount*^  of  data  manipulation  fcomr>u- 
tation)  and/or  larne  amounts  of  innut  and  outnut  .     Other  problems  involve  nearlv 
instant  response  to  relative! v  complicated  situations.     Introductory  courses  in 
computer  nrooramminq  tend  to  be  built  around  "trivial"  examnles,     '^hus,  the 
student  mav  be  asked  to  write  a  nroqram  to  cononte  the  perimeter  o^  a  recta n^rle. 
It  must  be  kent  in  mind  that  sono  learning  can  occur  in  the  nrocosw  of  writing 
a  computer  nroqram  to  solve  a  trivial  problem,     f^ut  solvinq  a  sequence  of  such 
problems  makes  little  sense, 

course  the  computer  facilities  available  to  the  student  as  well  as  the 
tvnlna  (kevnunchinq)   skills  of  the  student  m\;st  be  taken  Into  consideration, 
^'roblems  involvina  a  modest  amount  of  data  preparation  effort  are  desirable, 
^-Inilarlv,  a  nroblem  whose  solution  involves  10-:>o  thousand  arithmetic  opera- 
tions is  to  be  desired  over  one  involvirn  a  10-?o  million  arithmetic  operations, 
^  r^roblem  involving  ^jO  lines  o*"  output  is  to  b^  r^osired  over  one  involvina  SOO 
lines  of  output,     'r^hus  one  must  compromise  between  real  world  examples  and  what 
is  expedient. 

A  Mode^l  for  J^robler^J^r  i  tfnios 

'^le  svstematic  collection  and  classification  of  examples  and  exercis'^s  r^in 
serve  two  p\irposes,     Tt  can  orove  to  be  o^"  value  to  the  student  in  interpreting 
the  problem  and  provide  a  means  for  docamentina  the  exercise  or  example,  for  the 
use  bv  other  teachers. 

'^he  format  oresented  hero  was  developed  bv  secondarv  school  teachers  in 
comp\jter  science  summer  institutes  durino  the  summers  of  1970  and  1071,  The 
format  consists  of  two  parts,     opo  oart  provides  auidance  to  the  student  in 
hi.s  development  of  the  solution  and  the  other  is  written  ^or  teachers  as  a  r^^- 
ferenco. 
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ono  of  tho  nrohlnm??  with  a  fomat  ^or  nroaranminq  nrohlnms  is  that  t>^ov 
do  not  alwavs  fit  vorv  well,     '^'or  thi^  reason  tho  format  nivon  below  should 
ho  viow<»d  as  a  a^neral  quidpline  and  should  ho  modified  to  ^it  your  noe^^s. 

Studont  ^.oction 

'^his  modol   is  dcsi'^ined  to  ho  handod  to  tho  studr*nt.     ft  orovides  hin  wi 
tho  information  necossarv  to  comnloto  tho  nrohlem, 

nAi>T  I 
(Studont  Soction) 

C^itlo  should  he  doscrintive  of  the  nrohlon) 

^Ivo  a  careful  statonent  of  the  oroblen.     This  should  he  in  a  ^om 
that,  bv  itsel^,  it  could  he  handed  out  to  students*     Mormal  Iv ,  the  >\andout  woul  1 
include  the  data  to  be  used  in  the  nrohlen  and  sarnie  i  nnut/outnut  (see  ho1ow)  . 

r>T^PWSSlOM      (Marrati^e)  :  Include  a  short  discussion  o^  the  sublect  na^tor'  i 
volved  in  the  oro^>ler»  {for  exannle,    tho  su^iect  mattc^r  minht  )>o  nhvsic^*  '"ir  ^'tis- 
inoss).     '^he  basic  nro^rrannin^  conco'^ts  whicb  are  illustrnt^d  in  tbo  DrD^b**^ 
shotild  be  discussed.     At  this  r^oint  the  stirlent  shoul<l  have  an  indioati'^n  if 
he  has  tho  bric^around  to  attack  the  nroblen,     '^'hn  discussion  should  sho'j  ^h'''  r^^'- 
levance  of  the  orDblon  to  the  real  v/orld  and  to  tho  su>iiect  of  learni  hm  ♦ho  x^r^^- 
aram. 

'"^-^-L^'  T  Tn  t^his  soction  the  teach'^r       1  1  de^ino  fho  innut  da^a  an-^  '-^h-M 

^orm  tho  out'-iut  data  will   taVe  .     At  tinos  this  np\\f  taVo  the  fom  snaoo'^tin-i 
^-'hat  characteristics  a  ^otid  sot  of  data   (tn  adonuateW  test  the  nroqram)   vi  n   ♦  iW  , 
and  sMH^'iest  the  student  create  his  nv;n  data.     Manv  teichers  use  a  standard  data 
set,  arranaed  so  that  it  can  be  used  for  a  wide  varietv  of  orohlens. 

ojn-i^oT^r-r^c.     A  ^pj^^^ir^j^  roforonce  should  be  liste'^  onl^  i^  anoronriate  ^o  stu- 
^Vnts  at  a  ^eainnina  lovel   in  comnutim,  and  if  tho  r'^^orenc^  is  roasona^^lv  av- 
nil  able  to  students.     Otherwise  this  section  should  be  omitted. 

^jC1^:!25JL^*L?  *     Include  here  extensions  on  the  nrohlem  to  maVe  the  assinnnent  hi^nr^r , 
harder,  more  usofjti  ,  more  aenoral,  or  more  dial  1  enai nn ,     '^^he  br»ttor  studont  11 
want  to  include  some        theso  in  his  nronram. 

^^^I^TOM^T.  r>nonT,r^«C;     T.ist  additional   nrob\o,ric5        rV->'^royi natel v  tbr.  c^amo  l^v^.! 
of  di^^icultv  whose  solution  involves  essential  Iv  t  he  samo  Vrnov;ledao  of  a  nro- 
arannin^  lanauaie.     Al  ternativel v  use  this  section  to  list  locations  o^  v;hero 
one  can  ^ind  additional,  related  orohlens. 


"^his  model  is  desiane^  to  serve  as  a  reference  for  the  t'^acher.     It  niv^s  a 
clear  oict\ire  o^  the  ta^k  and  desired  outcome ♦ 
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PART  TI 
(""f»cich^r  .Sf»ction) 

PROGRAM  TITT.'^ 
(Oescrir^ti vo  of  Prohlf>n) 

A,     Orado  Ifivpl  or  maturitv  lovfil. 

h.     romn'itina   (what  lanrmiao  foatures  are  needo'i  to  ??olve  the  nrohlom)  . 
c.     .Snbiect  nattei:*  (indicate  tho  suhioct  mattor  field  in  general  and  sno- 

cific  tonics  in  that  field), 
d*     ronntitinn  facilities  (will  one  need  narticular  hardware  or  software 

facilities?  not  universallv  available)  . 

^IlLI^-^Ji^-     (^urnoRo,  aoals)  ,    '^he  noals  or  nuroo55o  o*^  the  exerci55e  or  examnle 
miaht  be  stated  as  measurable  behaviorabJe  ohiectives  or  as  teachincf  ideas  as 
related  to  h,  and  c  above,  under  orereaiiisitea . 

^^A^^-'^'^ this  section  tho  writer  attennts  to  communicate  the  knowledae 
and  exnerienre  he  has  aained  in  oreviouR  tise  of  the  exercise*     He  ^a^'  ooint  out 
oood  use  o^  the  exercise,  and  how  it  fits  into  a  narticular  course*    '^he  section 
niav  contain  discussion  on  how  to  nresont  the  narticular  material  under  considera- 
tion. 

^}S^^^ll:\^Ji'  ^^1  ock^     aqram,  or  ^rofT£am  Tog  i  c ;      ^'ithor  a  flowchart  should  be  in- 
cluded, a  block  diaqram,  or  discussion  of  the  uroaran  loqic,  as  seems  most 
annr^'^ri  ato .     often  one  can  tell  the  dearie  nf  di^^icultv  of  a  nroaramminq  ox- 
ercis*^  bv  a  brie^  n lance  at  a  <^lowchart  or  a  solution  to  it. 

^annle  "^o^^^tions:     Cenerallv  a  solution  with  samole  o\ttout  should  be  civen. 
"^he  solxition  should  corresoond  to  the  nrooram  Ionic  qiven  above. 

Add^itlonal  romments:     (T'his  section  is  ontional).     Oenerallv  these  remarks  v/ould 
nertain  to  the  solution  qiven  above. 

'"^^o  intent  o^  the  nrevious  model  is  to  enhance  the  communications  between 
teac'-^^r-student  /^nd  toacher-toacher .  '^he  systematic  documentation  of  ones  ef- 
*"orts  will  nav  for  itself  in  the  lon<"r  run. 

••xam*">l'^r     Tt  Sferif^  annronriate  at  this  time  to  nresr^nt  an  examnle  illustrating 
s'^ne    of  the  ideas  nut  forth  in  the  nrecedinn  oaranranhs.    Mote  that  the  nroblen 
sf^lected  bv  a  teacher  must  fit  the  environment  (bacV^round  of  students), 

■;ono  "vssunotions  have  to  be  made  orior  to  consir^erino  the  followina  examole. 
''^i=inr<'}  a  first  or  second  course  in  nroqramminq  is  beina  tatiaht  and  the  studer.ts 
have  taken  at  least  an  introductory  course  in  alaebr^.     T'he  lanauane  available 
*'or  usr»  on  the  comouter  i<i  ^A<;rf^,  ani  th^  students  have  been  introduced  to  ^?tib- 
scrinf^d  variables  and  the  'Top...'*  statement,    '^he  examnle  will  be  nresented 
usin^  the  fomat  ^or  write-uns  stinaested  in  this  naner. 

'**he  nroblem  is  to  develon  a  comnuter  nroqram  to  find  the  largest  number 


'Problem : 
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in  a  sftt  of  intoaors.     Writf^  the  nrcqra^i  to  wr^o,  a  naxlnuTn        ono  hun^V^^'l  i  n- 
tenors .    "^ho  nroqran  <;hould  nrint  out  thn  an'^wo.r  as  follows: 

'^ho  larqest  nu^h^r  is  (answor) 

nj  qcv>s<^lon!     Tho  nrohlo*n,  as  nresonto^  hnro,   i'>  hasicallv  ono  In  n.i  thonnti  , 
hut  orohloms  nimilar  to  this  are  r>ncountprr»<1  in  the  world  of  husinoss.     ^  ron- 
nan''  minht  rr^auost  that  thr^ir  warnhoMsn  ronort  which  i  to*^  last  nonth,  of  sovoril 
it^ns^sold     the  Tnost.     Tf  thr>  inventorv  control  v^as  brjina  nerform'^d        r\  rommv 
tor,  th<>n  a  nroriram  sinilar  to  the  onf  vou  v;ill  writ'^  couM  h^  innlAmontol  to 
proviso  tho  answer. 

'Tf'hpro  aro  a  nn^nhor  of  aliorith^ns  which  miaht        dov^lonrid  to  solvr>  tho  nrrvv^- 
lo'n.     One  'nnthod  would  bo  to  read  tho  numhors  into  an  arrav  and  thon  to  cono.iro 
the  eler^ents  In  the  arrav  to  find  the  larnest.     Arravs  are  not  reauirod  *^or  t>)i'^ 
nrohlen  hwt  will  he  useful  on  other  related  orohlens  dealinn  with  the  a  sinned 
sot  of  inteaers. 

tyor     'T^he  set  of  integers  to  use  for  the  nrohlen  are  as  follows:     C^S,  ]^^, 
0,  R4,   542,  f>l ,   3:^1,  121).     After  vou  run  the  nroaram  usina  tho  ahovr^  set, 

vou  mav  use  a  set  of  vour  own  selection.  Be  sure  to  \ise  j;ero,  nositive,  and  no^- 
ative  nunhers. 

rxtensions :     '^here  are  nanv  interestinq  and  useful  orohlems  that  can  bo  fion-- 
erated  iisina  the  set  of  inteners  niven  above.     Instead  of  the  lariest  nu'nher,  onr» 
ninht  he  interested  in  flndinq  the  smallest,  or  the  median  in  the  set.     A  orob^o'n 
freauentiv  encountered  is  that  of  orderim  a  set  of  numbers  in  either  ascendin-'t 
or  descendina  order.     Anv  of  these  nroblerns  are  wrthwhile  and  will  nresent  a 
challenge  to  the  student  interested  in  attemntina  a  solution,     '^n/  ono  vou 
desi  re . 


r^rerorti:isi  tes : 

a.  '^he  student  should  have  at  least  an  introductory/  course  in  alnebra 
and  one  in  connuter  science. 

b.  An  exnosure  to  subscrioted  variables,  and  the  ^ASir  "rOR,,,"  loon  nre 
desired,     '^he  nroblen^  can  be  oroqranmed  without  s\ibscrinted  varia- 
bles or  "TOP,         loons,  but  thev  are  required  on  sone  of  the  extensions 
to  the  nrobleras. 

c.  The  nrohlen  is  hasicallv  mathenatical  in  nature,  but  can  be  related 
to  nanv  fields  such  as  inventor"/  control  in  the  business  field. 


'^he  basic  obiective  of  the  oroblem  is  to  develoo  an  alaorithm  to  search 
*  throuqh  a  set  of  nunhers  and  find  the  larnest.     It  also  is  intended  to  motivate 
the  student  in  considerinq  the  nore  difficult  extensions  to  the  nrohlen.  '^he 
class  can  then  nursue  solutions  to  the  extensions  as  senarate  assinnments. 

The  nrohlen  has  nroved  to  he  a  hiahlv  motivational  force  in  exnandint  the 
students  knowledae  in  the  areas  of  searchinq  a  set  of  numbers  for  sneci^ic 


'^KArHprj^q  rooY 


'^biective : 


lit .R.^ 


nronertion  •     Tnitirtllv  the  orohlem  search^*;  for  thf>  I  nraefit  numbor  hut  can 
ho  f?xnrind^<i  to  search  for  the  smallest ,  finH  thn  medirin  or  the  mo^e.  '^ho 
tonic  of  sortlna  can  thf»n  bo  considered  bv  taklnq  thr»  same  data  set  and  sort- 
inq  in  either  ascendinq  or  descendina  order.     Related  tonics  in  statistics 
such  as  frequencv  counr:s,  noans,  and  standard  deviations  can  become  exnan- 
sions  of  the  basic  problem. 

'T^he  nroblom  and  its  extensions  create  a  loarninq  environment  in  which 
the  students'  nroblnm  solvinq  abilities  can  >^e  enhanced  at  the  same  tine 
his  nani oula tive  skills  in  th^*  nroqram  lanquaqe  are  further  develoned, 

'T^h^  r^oint:  should  bo  made  v/i  t.h  the  students  that  tho  assiqned  nro>^lo:T, 
with  its  linitod  data  sot/  is  not  a  suitable  connuter  prooram,     Tf  th<>  numberr? 
in  thf>  set  wore  increases!  to  IOQ,OOQ,  then  a  comouter  solution  would  be  iusti- 
f  ied. 


'^he  flowchart:  for  one  alaorithn  that  ma^'  bo  used  in  solvino  the  nroblem  fol- 
)ov\rs  alona  with  the  codina,     '^he  nroblen  was  run  on  an  interactive  tine-sharinq 
svsten  us  inn  f^ASlr. 


start 


^<>sr>rve  soac^  for  a 
list  of  100  variables. 


Tnnut  the  data  into  the 
storaqe  snac**  while  count- 
inq  the  number  of  dita 
items.     The  end  of  the  da- 


ta is  indicated  bv  the 
sentinal  value  <^q^. 


Heterr^ine  and  outnut  the 
va]\ie  of  the  larnest  ele- 
nent  amona  the  data  in 
storaae. 


V 
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firoMon  r.yn  ho  oxnrinHo^l  into  ^  noro  n'^.in i  n^^ul ,   challpna'lna  nroblom  for  tho  .st«i- 

»-ho  onnorhuni  t^'  to  intror\uro  nev;  nronrcim'ni  n*^  conccntis ,     tT<5^^]]^v  thr  ntu^onts 
will  ho  notivato'^  to  taVr*  a^vant^iao  o*^  thoso  now  tochninuoR. 

^oiircos  of  Prohlo^iT'     '^hnro  aro  manv  aood  r^ourcoq  of  orohlomq.  tv;o  nost  nh- 

vioii<^  on^s  'iro  introdnctorv  ro^iotitor  nronraminn  tnxtbook*?,  and  bookis  Hcvotor?  fo 
lir;tim  nrohip^ns  anorooriatf>  *^or  conoutor  solution,  ro*^f¥renno*;  at  tho  ^n-'^  of 

t^ir,  articlo  aro  all  o^  tho  1  attor  tvoe, 

'^1nv  aon^!  sonrc^?;  of  orobTons  oyf^t  around  tho  toach<^r,     Moro  aro  '^ono  nlacor; 
to  looVr     T/^ok  at  what  vou  teachr  and  the  textbooks  vou  uso,  for  idoa?; .  ^r, 
hivo  thf*  studonts  f^nnnost  nroble^ns.     f^erhans  von  could  talk  to  othpr  t^achors  to 
act  idf^as,     '^at  sort*?  of  nroorams  would  bf»  usoful  to  vou,  vour  fcllov  toach<^r?^f 
or  tho  school  adninistrators?    ^*!^at  sortf;  of  nro<7ran*5  niaht  bo  of  uso  to  stvi^ 
donts  in  othor  courses,  or  to  oaronts*     '^he  conouter  is  a  widelv  annllrable 
tool--start  lookim  for  examolos  of  aoolications  and  vou  will  find  thorn  every- 
where • 

T'o^eronces  for  ronn>5tor  Prohlenst 

'^arrodale,   Pobortsi   ^  rhie--n.or^ontan^  ^onouter  Aoolications  in  5^cionco,  Fnain'^or- 

inn  and  business;  John  wilev  ^  Sons,  1071 
nanvor,  ^oan — f^unqestions  for  T^roqrams;  vi^wit  Co^nutation  f^ontor,  nartmonth,  1070 
ry)rn,  nitter      ^'octor^-^^omnut'^r  Aoolications  for  <^alc\ilus;  ^rindlo,  Wobor  r, 

Schnidt,  I07? 

p'orsvthei  ^rqanick  K  oiunmor--rono\itor  ?^cience;  T^roiocts  and  f^tudv  T^roblens; 

v'^ohn  Wilev      Sons,  107  3 
Coldaker,  Charles--Revised  ^  Fditnd  bv  ^rook  ^irov — romnuter  ^roarans  in  ^'atho- 

natios  for  Cecondarv  <^chools?  romoutinq  Tenter,  Ore^ion  Potato  ^nivorsitv,  1070. 


nrnrnhnrnf^r  f.  .^offr<v/ — Prohlf»n*;  ^or  '^nnnuf.or  Solution;  John  WiU*v  ^ons,  lors 
wawrer  d  Williamfi--A  roll^»ction  of  ^roqrarnni na  Problems  an^  Technia\io«? ?  ^ro.n- 

■^i Ivor-^^^imnl  I  f  ied  r-^rtr^m        Pronram^ni  nn;  Wi  lov  and  ^on?5^  n'^O 
:^tr5inhach--nroaranminn  Pxercises  ^or  i^rohlom  orifinhod  tKinnuaqes?  cloncoe 
Press,  loro 

'^ea^ne,  ^^ohort:'--{"o'rinnf.er  Prohlon>s  ^or  rortran  ^^ohition?  ^an^ve^H  Press  (5^an 
^ranci.'i.-'o)  , 
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writinn  nroarans  an-^l  tho.n  if>temintnn  t^Tat  the  nroaram*;  v/orV .     '^hov  aro  nainina 
incroa^in^  attnntion  of  connut^r  scientists  an^^  will  rortainlv  havo  consi^Vr- 
a>^l<>  in^luonco  on  tihr?  toachinn  of  nrooramninn  anrl  on  t>io  nronra^vni  na  lannnaa^n 

v»n  MSP. 

A  tra'Utional  npt^od  of  toachina  nronra^miiT^  ha*^  boon  to  nrosont  f>tirlontf> 
vnth  tHf>  stato^ionts  of  a  nroara"iniinn  lan^naop  tonpth^^r  with  sopp  pxannlps  anH 
thon  spt  tho.n  to  tho  task  o^  fomi  na  conhi  natrons  of  stat^.^onts  with  tho  hone 
that  tho  rosnltino  comoutation  woul''^  oroviHc  a  solution  to  t^o  nrohlon  at  han-i. 
'''his  sV  1 1  1  at  ^ornina  successful  combinations  of  statononts  has  hr»on  callp'' 
thp  "art  o^  oronranrniina" .     Tn  sornr*  cases  ^-^oxos  an'i  fli nnnn'^s        ^tov/charts  havo 
^'^pon  usp'^  to  circu^ypnt  th'^  svntactir-  -In tails  of  statpn^nts  an^^  nrn  o''ton  r^.i«;iMr 
to  unfVrstan'1.     i^ov^evor,   thr  sparrh  ^or  tho  rinht  conhi  nation  r'^'^ains.  ^'ort^ain 
stan-'lard  natterns  of  statp^npnts  doalinq  vnth  stan^'lan^  nroh1e">s  havo  acrurnu- 
lat<*(i  as  nrnnr^mminn  technicues;  hut  stil]  nrorrranmi  na  has     ronain^d  an  art. 

Ml   too  frenuontlv  this  art  rjef^^nnratos  intn  th^  nrartirp  o^  su^^^ittinn  an 
almost  ran'ion  spa\j/>ncp  of  statpnpnts  to  thp  comnutpr  in  or^er  t'^  'loton^i  np  'Ms- 
crpn'^ncios  hntwoon  thP  rosultin^  comoutation  and  tho  ^psired  co^nutati<^n .  (^n 
so^p  casps  thp  ^^psirprl  conoutation   itsplf  is  not  roal  Iv  clpr^r.)     Aftpr  altprin'^ 
thp  nrnrrran  ^o  rp'^ovo  tho  nost  ohvious  errors,   it  is  rpsuh^i  ttt?'"*  in  ordpr  to 
r>^  thp  npyt  set  o*^  errors.     "^bis  mirrht  v^p  called   "nroqra^ninn  hv  r^rror",  a 
frustrating,  tineconsumi  na  nrocess  ^'ioldina  results  which  arp  usual       ^ai  st  rtiste^l . 
Mowever,  heainnina  nroura^iners  ^^reauontl^'  fin^'^  havi  nn  the  connuter  do  someth i  n^r 
v;rono  nor^^  rewarrlinn  than  havinn  it  do  nothina  at  alii 

Tn  the  nast  fpv;  vpars  increasino  attpntlon  has  hppu  '^iven  to  develooin^  rnr)rp 
oroani7.prl  and  disciolined  nroarannino  methods  which  ni^ht  nrjVe  T-ironrammi  nc  no**p 
o*'  a  science  than  an  art.     '^ho  method  currently  receivino  most  attPntion  is 
callpd  structured-oronraninin<^  hv  r.  W.  oi  iv.r^tra   {2),  sten-wiso  refinpnont  hv' 
'•Urth   (?)  or  ton-down  nroaran  doypl oorient .     '^his  nethod  su^'ipsts  that  we  hridap 
the  nan  ^Nptv^een  a  nrohle^  an'^  tho  desirpd  oroTram  in  a  series  o*^  stens  v^p^innin^? 
first  with  a  verv  aeneral  and  sJiort  statement  of  what  v;e  want  to  do  and  t>ien 
nronressina  throuah  a  spries  of  exoansions  or  refin^vments  r>^  the  more  <^enera1 
statements  into  seauences  of  more  detailed  statements,     '^his  orocess  is  continued 
until  at  thn  final  steo  all  of  thp  statoments  arc  leaitimate  oxnressions  in  our 
nrooramnino  1 anouaoe . 

A  verv  trivial  pxamnle  is  to  find  the  surface  ar^a  and    volume  of  a  box. 
^irst  statem^^nt  descrlhina  what  vre  want  to  do  Is: 

1)     oetemine  the  surface  area  and  volume  of  a  box.     '^is  is  not  a  leai- 
tinatp  pxorpssion  in  most  nroarammino  lan^uaoes  and  must  be  exnanded, 

la)     ^ind  dimensions  of  box 


TII.F.2 


lb)  romouto  5iurface  area  and  volume 
Ic)     Print  results 


Main  each  of  theso  three  comnonents  must  be  exnander^  or  refined, 
la)     can  be  exnanded  into: 

laa)     find  lenath  of  box 

lab)     ^ind  width  of  box 

lac)     find  heiqht  of  box 
lb)  can  be  exnanded  into: 

lha)     confute  surface  area 

Ibb)     comnute  volume 
Ic)     can  be  exnanded  into: 

lea)     outnut  surface  araa 

Icb)     outout  volume 


At  the  next  level  each  of  these  statements  could  probably  be  written  in  an  ex- 
nression  of  a  nroqramminq  lanquaqe . 

The  brevitv  and  general itv  of  the  first  statement  allows  us  to  qrasn  the 
entire  comoutation.  As  a  refinement  steo  expands  a  qeneral  statement  into  a  se- 
auence  of  detailed  statements,  the  level  of  detail  in  limited  so  that  the  refine- 
ment can  still  be  qrasned  as  a  whole.  If  the  refinement  is  too  detailed  and  re- 
sults in  a  comolex  sequence  of  statements,  it  is  difficult  to  convince  ourselves 
that  the  refinement  is  equivalent  to  the  more  qeneral  statement.  The  rule  is  to 
proceed  in  steps  sufficiently  small  to  prevent  qettina  lost. 

As  each  of  the  more  qeneral  statements  ii5  refined  into  a  second  level  se* 
auence  of  more  detailed  statements ,  the  order  of  the  second  level  statements  is 
snecified  bv  the  refinement.     As  each  of  these  second  level  statements  is  helnq  re- 
fined into  a  aroun  of  third  level  statements,  not  only  is  the  seauencinq  within 
the  third  level  qrouo  specified,  but  the  seauenclnq  between  third  level  qroups 
is  specified  by  the  seauencinq  of  the  second  level  statements.    The  orderinn  result- 
inq  from  the  step-wise  refinement  can  be  seen  in  a  tree  structure.    For  the  ex- 
amole  of  the  box: 


refinement 
levels 


find 
lenath 


find  dimensions 
^  of  box 

^  /  \ 

find  find 
width  heiqht 


Determine  surface 
area  and  volume  of 
a  box 


comnute  surface 
area  volume 


comnute 
surface 
area 


comnate 
volume 


outnut 
results 


outnut 

surface 

area 


\ 

output 
volume 


seauencinq 


The  orderinq  of  this  structure  is  extremely  imnortant.     For  examnle  it 
tells  that  anv  comnutation  resultinq  from  statements  written  as  a  refinement  of 
"comntite  surface  area  and  volume"  must  occur  after  that  resultinq  ^^'om  "find  dim- 
ensions of  box"  and  K^fore  that  resultinq  from  "outn'it  results."    The  imnortance 
of  this  orderinn  is  that  we  mav  deal  with  the  smaller  nroblem  of  comnutinq  sur- 
face and  volume  and  then  know  exactly  where  to  place  the  corresponding  statements, 
not  qettinq  this  oart  of  the  refinement  confused  with  other  narts. 
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As  the  refinement  nrocess  continues,  the  items  of  information  or  data 
beino  manipulated  will  become  more  exolicit.     In  this  wav  the  soeci f ication 
of  tho  ^lata  structures  will  develop  in  parallel  with  the  proqrcim  develonment. 
Deferrinq  decisions  snectfyino  data  structures  as  lonn  as  possible  will 
heln  avoid  awkward  data  structures  not  well  suited  to  the  comnutation. 

Another  examole  will  be  qiven  after  we  have  considered  the  othor  question: 
"how  can  we  be  confident  that  our  proqrams  work?" 

As  a  nroqram  becomes  larqer  and  more  comnlex,  it  becomes  innossible  to 
hold  all  of  the  parts  in  one's  mind  at  any  qiven  tine.     This  limitation  is  simi- 
lar to  that  which  brinqs  the  need  for  steo-wise  refinement  methods  and  it  is 
dealt  with  in  a  manner  similar  to  step-wise  refinement  in  reverse.    One  method 
allowinq  an  awareness  of  the  whole  when  dealinq  with  anv  of  the  oarts  is  to 
form  qrouns  of  smaller  oarts  accordinq  to  some  looical  associations  and  then  to 
think  in  terms  of  the  functions  of  these  larqer  units,    'Vhe  qrouoina  of  oarts 
and  the  seouencinq  of  the  computation  invoked  bv  these  qroups  is  called  the 
control  structure  of  the  nroqram. 

nitimatelv  our  concern  is  not  with  the  nroqram  statements  thmselves,  but 
first  with  the  comoutations  invoked  by  the  statements  and  then  with  the  total 
comnutation  consistina  of  the  seouence  of  all  of  the  comoutations  invoked  bv  tho 
statements  in  a  qiven  execution  of  our  nroqram.     It  is  seldom  difficult  to  un- 
derstand the  action  of  a  sinqle  statement  taken  by  itself •    tlie  real  difficulty 
is  to  understand  the  collective  action  of  a  aroup  of  statements.     In  order  to 
understand  the  total  computation^  the  control  structure  of  the  nroqram.  must  ho 
understood.     If  our  oroqramminq  lanquaqe  provides  features  which  enaV)le  us  to 
clearly  and  easily  qrasp  the  control  structure  of  a  proqram,  it  will  be  easy  to 
understand  the  total  comnutation  by  examining  the  nroqram.     If  we  do  not  have 
a  oroaramminq  lanquaqe  with  such  features,  then  we  must  employ  traces,  interme- 
diate dumps,  and  orintouts  in  order  to  understand  the  total  cor.nntation.  ^or 
these  reasons,  the  control  structure  features  nrovided  bv  nroqrixmminq  lanquanes 
have  come  u.tder  verv  close  examination. 

niikstra  has  suqqested  that  the  control  structure  of  a  nroqranminq  lanquaao 
be  based  upon  three  basic  tvoes  of  control:     concatenation ,  selection^  and  re- 
petition. 

Concatenation  qrouos  two  or  more  statements  into  a  sinqle  comoound  state-- 
raent.    The  comnutation  of  the  resultinq  comno\ind  statement  is  the  cor^outation 
of  the  first  component  statement  followed  by  the  comnutation  of  the  second  com- 
nonent  statement  and  so  on,    The  normal  manner  of  indioatinq  the  concatenation 
of  statements  is  to  write  one  after  the  other,  sometimes  bracketinq  the  qrotjn 
within  special  words  such  as  beoin^  end> 

Selection  allows  the  comnutation  to  select  between  alternative  comoutations 
accordino  to  some  condition.     Most  conmonlv  the  condition  is  evaluated  to  true 
or  false  and  a  selection  statement  will  take  the  term: 

ir  condition  THEN       FLSF  s^ 
where  s^  is  a  statement  which  will  be  executed  if  the  condi  ^on  is  true  and  s^ 
is  a  statement  which  will  be  executed  if  the  condition  is  false.    Statements  s^ 
and  s    mioht  he  compound  statements  or  selection  or  repetition  statements.  An 
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example  is 

IF  A<OB  THEN  BKGIN  A-A+B 

PRINT  A 

END 

Pepetition  allows  the  repeated  execution  of  a  «5tatemfint  (which  miqht  be 
a  comTK>und  statement) .     In  order  to  terminate  the  repetition,  we  can  nake  its 
continuation  dependent  unon  a  condition.    The  form  suqqested  by  Diikstra  is 

vniTLK  condition  HO  s 

where  3  is  a  statement  which  will  be  repetitively  executed  as  lonq  as  the  condi- 
tion is  true.    An  example  is 

WHILE  I>1  DO  BEGIN  FACT=PACrr*l 

1  =  1-1 

END 

Obviously  the  repeated  statement  must  alter  the  condition  if  interminable  loops 
are  to  be  avoided. 

There  are  tvo  very  stronq  arquments  for  basinq  the  control  structure  of  a 
nroqrammina  lanaa^qe  upon  these  three  statements.    First  thev  follow  quice  natural- 
Iv  from  the  process  of  step-wise  refinement*    Hopefully  this  can  be  seen  to  a 
limited  extent  in  the  example  qiven  below.     If  oroqrainniers  are  to  be  encouraqed 
to  tiso  -.♦on-wise  refinement  methods ,  the  refinement  process  must  lead  naturallv 
into  expressions  of  the  oroqrapiminn  lanquaqe.     If  the  final  refinement  step  re- 
quires awkward  or  tedious  translations  into  unnatural  combinations  of  statements 
of  the  proqremunLnq  lanquaqe,  proqrammers  will  be  encouraqed  to  think  ahead  and 
work  in  terms  of  shorter  or  "more  efficient"  constructs    of  the  oroqraanminq 
lanquaae  rather  than  follow  the  orqanization  of  step-wise  refinement. 

The  second  araument  for  usinq  the  control  structure  suqqested  by  Diikstra 
is  that  we  can  find  methods  to  verify  our  orc^Trains.     As  nlikstra  has  pointed 
out,  proqram  testinq  can  only  show  the  presence  or  errors,  not  the  absence  of 
errors.    What  we  ne^^d  are  more  direct  methods  to  convince  ourselves  that  our 
nroareuTvs  work.     Diikstra  has  qiven  methods  for  orovinq  assertions  about  proqrams 
constnjcted  usinq  concatenation/  selection,  and  repetition. 

It  is  siqnificant  that  limitlnq  ourselves  to  these  three  tvpes  of  statements 
eliminates  the  r,o  TO  statement  common  to  most  current  proqramminq  lanquaqes. 
There  has  been  considerable  controversv  over  the  use  of  the  GO  TO.   (3)     It  has 
been  shown  that  indescriminate  use  of  the  GO  TO  is  a  frequent  source  of  diffi- 
culty in  findinn  errors  and  that  its  inclusion  in  a  Proqramminq  lanquaqe  allows 
the  nossibilitv  of  control  structures  so  complex  that  qeneral  oroqram  verifi- 
cation methods  are  impossible.    On  the  other  hand  it  has  been  shown  that  in 
many  cases  limitation  to  the  control  structures  suqqested  by  Diikstra  result  in 
lonqer  and  less  efficient  proqrams  than  are  possible  with  use  of  the  GO  TO.  The 
use  of  the  GO  TO  does  not  imolv  that  our  proqrams  will  be  difficult  to  under- 
stand; its  undisciplined  use  brinqs  this  about.    At  the  same  time  limitinq 
ourselves  to  Diikstra's  control  structures  does  not  mean  our  nroqrams  will  be 
correct;  it  does  mean  we  will  have  methods  bv  which  to  analvze  them  and  prove 
.assertions  ahout  them.    Usinq  the  method  of  step-wise  refinement  toqether  with 
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a  lanauaqe  incorooratinci  niikstra's  control  structures  r?oos  allow  us  a  rnorr* 
orqanizert  anoroach  to  oro^rammina  with  a  qreater  chance  of  succf>ss . 


Followinn  Is  an  r»xamnlf>  of  nroqram  develonment  hv  s ten-wise  rnfinement. 
The  nroqrammi nq  lanqfuann  is  a  RASTC-liVe  lanauaqe  incomoratlnq  the  control 
struct\ire9  suqqested  hv  niikstra*    Althouqh  the  orooram  is  still  short  anrl  eas- 
llv  ^evelone^l  hv  less  discinlinerl  methods,  it  is  honed  that  it  will  illu^^trate 
step-wise  refinement  and,  when  compared  with  an  equivalent  RA5?ir  oroaram,  dem- 
onstrate the  more  natural  control  structure. 


Oar  task  is  to  develop  a  qeneral  oumose  drill  proqram.    The  nroqram  is 
first  to  present  instructions  to  the  suhiect  and  then  for  each  of  a  sot  of 
nuestionsi  present  the  question,  accept  the  response,  and  keen  score  of  the 
response.     After  the  last  question,  the  total  score  is  to  he  computed  and  pre- 
sented.   Since  the  nroqram  is  to  he  qeneral  nurnose,  the  particular  instnictions 
to  the  suhiect  and  the  set  of  ouestions  and  correct  answers  must  he  orovided 
as  innuts  to  the  nroqram  rather  than  he  coded  into  the  nroqram. 


We  have  already  descrihed  a  procedure: 


1)  nresent  instructions  to  suhiect 

2)  for  each  of  the  set  of  questions  nresent  the  question,  accent  the  re- 
sponse, and  keep  score 

"i)     compute  and  nresent  total  score 


If  we  had  a  oroaramninq  lanquaqe  in  which  these  were  leqitimate  statements,  our 
nronram  would  he  complete.    However,  this  is  not  the  case;  each  of  these  state- 
ments must  he  refined.     In  order  to  nresent  the  instructions,  thev  must  first  he 
innut . 


55ten  1  can  he  refined  into 

la)     input  instructions 

lb)     present  instructions  to  subject 
'T^ese  two  stens  mav  then  he  translated  into  RASTC-like  statements: 

100     READ  INSTRnCT$ 

200     PRINT  INSTRUCT^J 
t-Jhere  the  first  nATA  statement  is  somethinq  such  as 

900  PATA  A^^SWER  FACH  OtJKSTTON  WITH  ONF  WORD. 
Variable  names  lonqer  than  a  letter  and  dioit  are  used  for  the  qreatlv  increased 
claritv* 


The  second  instuuction  of  the  first  level  can  be  refined  tor 

2a)     innut  number  of  questions  in  drill 

2h)     initialize  current  ouestion  number  to  1 

2c)     while  there  is  a  next  question 

a)  innut  question  and  answer 

b)  present  question 

c)  accent  response 

d)  score  response 


The  third  instruction  of  the  first  level  can  be  refined  to: 
3a)     compute  total  score 
^h)     nresent  total  score  to  subject 


All  of  these  refinements  with  the  exception  ot  the  last  stet>  of  2c,  "score 
"O — 'onse"  can  be  written  as      sinqle  RASt*'  statements. 
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'Tti^re  are  manv  wav*5  in  which  to  rrifine  this  sten  Heoondinq  upon  the 
sonhistication  and  comnlexitv  of  our  c^r.Ul  oroqram.    fhe  most  straiahtfor- 
ward  refinement  miqht  her 

score  resnonsg* 

a)     if  resnonj3e  =  answer  then 

let  score  =  I 

els*?  present  answer  to  subiect 

However  we  miaht  want  a  retrv  feature  incoroorated  as 
score  response 

a)     if  response  =  answer  then 
let  score  »  score  +  2 
else  retrv 

Here  we  must  refine  the  statement  "retrv".    One  nossihle  refinement  is: 

present  "trv  again"  to  suhiect 
input  response 

if  response  =  answer  then  let  score  «  score  +  1  else  present 
answer  to  snhject 

'^he  important  feature  of  sten-wise  refinement  is  that  we  can  select  anv 
one  of  many  refinements  of  '*score  response*^  without  affecting  anv  of  the  other 
parts  of  the  oroaram.    We  could  also  select  a  refinement  with  a  "retrv'*  and 
change  refinements  of  "retrv"  without  affecting  the  rest  of  "score  response". 
This  modularitv  allows  us  to  work  both  at  an  overall  level  where  details  of 
the  Parts  mav  be  deferred  and  at  a  detailed  level  where  relative  independence 
of  surrounding  parts  may  he  assumed. 

Takina  the  refinement  of  "score  response"  with  "retry"  as  given  all  of 
the  steps  mav  he  easily  written  in  a  BASIC-like  languaoe  to  produce  the  followina 
nroaram. 

010     RPAn  iWST^RnCT^ 

030  RFAD  NnVQlT^fTST 

040  I.FT  QITF5TNtJM«l 

050  LKT  SCORK-0 

0^0  WHTLP  (QrTF.sn^!tM<=»njM^rrP5;'^)  no 


070  nPCTN 

080  R^AO  0!TFST$,ANSWR$ 

00^  P^IM'^  ^jrTFST^^ 

100  I  MPT  11^  PFSPON^ 

110  IP   {PFSPON5«AMSWR$)  T}\V.n 

120  lf:'^  srnRf;=scoRE+2 

140  nrniu 

ISO  PRT^JT  "TRY  AGAIN" 

IfSO  TVtstrr  RKSPO*J$ 


(Continued  next  oaae) 


retrv 

a) 
b) 
c) 
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170 
IRO 
100 
200 
210 


TP   (RR^PON<;aAM.'^WR$)  THKM 
LFT  SCORF«5;COr<F;+l 

PRINT  "TIfF  ANSWFR  IS  : 


,ANSWR$ 


220       LFT  nriFSTNt"'i=»or/r.s'^NrrM+l 

230  FNH 

240     T,FT  SrORK«TMT(  (^5rORF/{2*MTlMOnF5;T)  )  *100+O.S) 

2S0    pRiMT  "yo{iR  <;roRF  ij;  t''srORF/'i^" 

260  FND 

?70     nATA  AMSWPR  FACT  OF  TJfF  ^^OU^WTMr;  grrrqi'lON^ 
280     DATA  3 

290     DATA  WHAT  IS  THF  CAPITAL  OF  BRITISH  COLUMBIA 
300     DATA  VICTORIA 

310    TjATA  wrrAT  is  thf  cj^pital  of  v^ASKATCHFTVAM 
320     DATA  RFOIMA 

3  30     DATA  WHAT  IS  'T'HF  CAPITAL  OF  AWFRTA 
340     DATA  FDMONTOM 
350  FMH 

Althoaorh  a  bit  lonaer  than  the  first  example,   this  examnlr?  i??  still  some- 
what trivial  and  several  criticisms  may  be  nresented.    Since  the  size  of  an 
examnle  is  limited  and  since  we  are  concerned  with  methods  ^ot  develooinq  larnr» 
and  comnlex  nroqrjr'is,  anv  examnles  will  be  inadeauate. 

Perhans  the  most  significant  criticism  is  that  the  examole  is  too  slicV; 
everythlnq  works.     In  practice  the  method  only  offers  some  quidelines  to  heln 
orqanize  our  nroqrammina  efforts;  it  does  not  autornate  proqrammlnq .  Frequently 
on  attemotinq  to  refine  a  qeneral  statement,  a  nroqrammer  will  not  know  exactly 
how  to  nroceed.     The  statement  "find  the  best  move**  in  a  chess  nlavinq  nroqram 
does  not  have  a  clear  easilv  found  refinement.    i=*requentlv  the  attennt  to 
further  develon  some  sten  will  brinq  about  the  need  to  alter  some  sten  earlier 
in  the  refinement?  and  the  whole  nrocess  must  be  backed  un.     '^his  may  reqaire 
a  considerable  amount  of  rewritinq  and  bookkeeninq  of  names  and  sections  of 
nronran.     Some  exnerimental  interactive  svstems  have  been  developed  to  aid  a 
nroqrammer  with  the  clerical  details  of  the  step-wise  develonment  of  nroqrams. 
(4)     For  a  fully  developed  non-trivial  examnle  of  s ten-wise  refinement  sr»e 
Wirth  (?)  . 

Once  we  have  develoned  a  nroqram  with  these  methods  and  a  nronrammino 
lanauane  desiqned  for  these  methods^  the  oroduct  can  be  quite  readaV)le  and 
easilv  understood.    To  illustrate  this  claim,  consider  the  followinq  examnle  of 
an  equivalent  drill  nroqram  as  written  by  a  tvnical  RASTC  nroorammer. 

010  PKAD  1$ 

020  PP.T^rr  IS 

030  RFAD  N 

040  LFT  9=1 

OSO  LFT  S=0 

060  IF  0>N  TT{KM  210 

070  RFAD  pK,A$ 

OPO  opiMT  Ql$ 
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000    iMPfrr  RS 

100     IF  RSOA^  THKN  140 
120     LFTT  Omn^l 
130    no  TO  f^O 

140   pRirrr  ''trv  AnAtN" 

150     IMPUT  R$ 

160     IK  R$<>A$  THFN  100 

170     T.rT  <^*s  +  r 

IflO    r,0  'TO  1?.0 

100     PRIMT  "THF  ANSWFR  If^:"  A$ 
200     GO  TO  120 

210  LFT  $«=TMT(  (J5/(2*N)  )  *100+0.5) 
220     PRINT  "YOUR  SCORE  IS:*'  S;"%" 

210     OATA  ANSWFR  KACH  OF  THE  ^OLTiOWlNf,  OtTFSTIONS 
240     DATA  1 

2S0     DATA  WHAT  IS  THK  CAPITAL  OF  BRITISH  COLUMBIA 
2r^0     DATA  VICTORIA 

270  WHA*^  IS  TKK  CAPITAL  OF  SASKA'^O^FWAN 

2A0     riATA  RFCINA 

200     DATA  WHAT  IS  TMF  CAPITAL  OF  ALBFRTA 
ion     nATA  FDMOOTON 
110  FND 

Al  thouqh  the  nhbreviatf  J  Vrirlahlo  i^ienti     pr.s  nrohihi^:  much  of  tho.  dosrr- 
rintion  of  tho  nrevious  orcxtram,  the  roal  rlifficultv  in  unfler.standinq  thn  BASIC 
nrooraiTi  is  in  rliscoverinq  its  oraanizatiop ,     In  ordor  to  understand  the  com,-)n- 
trition  which  will  be  invoked,  wg  mvist  plav  *'conouter"  and  follow  throuqh  each 
no  TO  and  TF-t^(FN.     The  larqer  orqanization  of  the  nroqram  ifi  not  provided  hv 
the  DroaramninfT  l.^nquaqe. 

The  heainninqs  of  BASIC  date  from  the  early  lOftO's,     It  is  an  easv  lanqnaqe 
to  learn;   it  has  certainly  received  wide  iioread  acceotance  and  has  nromoted  the 
introdtiction  of  computers  in  manv  schools.     However,  it  was  designed  without 
benefit  of  many  of  the  recent  advances  in  nroqramminq  methodoloqy, 

AlthouQh  criticisms  are  made  about  BASIC'S  limited  identifiers  or  its  file 
features  or  methods  of  innut/outout  formatting/  these  are  minor  details  when 
considering  the  teaching  of  proqramminq  methods  and  the  development  of  well  or-- 
qani^ed  nroqrams.     For  two  reasons  the  fundamental  shortcominqs  of  BASIC  are  with 
its  control  structure.     First  its  control  structure  does  not  nromote  well 
structured  nroqrans.    Both  the  CO  TO  and  the  IF-THFT^J  make  use  of  line  numbers 
which  mav  bo  select^Jid  indiscriminately;  there  are  no  built-in  checks  or  con- 
straints,    Proorammers  are  reauired  to  think  in  terms  of  individual  statements 
and  are  frequently  tempted  to  take  shortcuts  in  the  name  of  efficiency  (lazi- 
.iess?)  which  nroduce  tanqles  of  complex  unreliable  code. 

Still  a  student  proqrammer  can  be  encouraaed  to  develoo  well  orqanized 
oroqrans  with  step-wise  refinement,     sten-wise  refinement  is  independent  of  any 
particular  proqramminq  lanquaqe .     However,  this  presents  the  second  fundamental 
shortcominq?  methods  such  as  steo-wise  refinejnent  do  not  lead  naturally  Into 
Basic's  control  structure.     Consider  lines  170-200  of  the  first  version  of  the 
drill  proqram: 
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170 
ino 

100 
200 


LKT  SCORE  =SCX^RK+1 

PRINT  "TJ!F:  ANSWRR  155 : ,  AMSWR$ 


A  3trainhtforward  translation  into  RASIC  would  ho 

170  IF  R$=rA$  THFN  200 

IBO     PRINT  "TIfF  ANSWFR  IS:",  A$ 

190     no  TO  210 

200     LFT  SCORFfSCr)Rf:+l 

210    CO  TO  150 

which  reauirfts  nror?rajmmina  the  FT^f:  cas^*  before  the  niFN  case  and  leads  to  a 
redundant  execution  of  a  00  TO.    Most  nroqramners  would  nuicklv  see  other  wavs 
of  codina  this  loqic  and  would  nroduce  somethiiiq  such  as  the  more  efficient 
hut  loss  clear  code  of  the  lines  160-200  of  the  second  version.     A  construct 
such  as  Tr-THFN-FT>SF~-cannot  be  easilv  or  naturallv  translated  into  a  standard 
nattern  of  BASIC  code. 

What  are  the  alternatives  for  a  secondary  school  connutnr  science  cnrricuJum 

at  the  oresent  time?   verv  few.     Lannuaqes  such  as  the  one  used  for  the  First 

ver.sion  of  the  drill  nroqram  are  beina  desianed  and  imnlemented.  niikstra's 
three  basic  statements  are  not  the  only  ones  for  incorooratinq  well  structured 
features  into  nrogramminq  lanquaqes  and,  in  fact,  have  many  limitations.  Mc»nv 
alternatives  are  beina  examined*     T,anquaqes  have  been  imnlemented  for  exneri- 
mental  work,  for  limited  instructional  use  in  universities  and  for  some  produc- 
tion proqramminq.     (5).    f^ome  of  those  lanquaqes  will  soon  be  available  on  the 
small  machines  tvnically  available  in  hiqh  schools.     Hov;evev,  availabilitv  of  a 
lanquaqe  is  only  a  small  part  of  the  needs.     Instructional  materials,  demonstra- 
tion nroorams,  in-service  trainina  are  all  essential  and  will  he  developed  more 
slowly. 

At  the  present  time  one  miqht  become  aware  of  current  developments  in  pro- 
qramminq  methods,  make  use  of  then  where  possible  to  encouraqe  more  oroanized 
proqramminq  habits  and  be  aware  of  some  of  the  shortcominqs  and  pitfalls  of 
lanquaqes  such  as  BA.SIC. 
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SFCTTON  G 

COMPffTPlR  SCI^jrr  IN  THR  HIGH  SHiOOL  ClTRRICnLllM 

bv  Jav  noG  .^mith 

The  intention  of  this  section  is  to  develop  a  notion  of  what  comnuter 
science  is  and  then  construct  a  hinh  school  curriculum  based  on  that  notion, 
niscusslon  will  bf>  limited  to  secondary  education. 

Like  most  of  mans'   tools,  the  conouter  came  into  existence  because  of  tho 
demands-societies'  demand  for  vast  amounts  of  information  that  needed  to  V>e 
processed  and  the  sciences'  co.nnlex  problems  that  needed  solution,    '^odav,  the 
functioninq  of  societv  and  the  development  of  the  sciences  are  dependent  on 
the  computer.     An  individual  cannot  escape  the  effects  of  the  computer. 

As  a  general  definition  of  a  science,  the  followinq  is  offered:  v;herever 
there  exist  phenonena  and  the  effects  of  these  Phenomena  which  are  of  interest 
to  man,  there  can  be  a  science  to  describe  and  explain  these  phenomena, (4)  In 
particular,  the  discipline  comnuter  science,  is  the  study  of  information  re- 
presentation and  processing,  the  information  processor  (the  computer)  and  the 
phenomena  resulting  from  its  use.  As  a  field  of  studv  that  is  distinauishable 
from  other  disciplines,  computer  science  is  no  more  than  25  vears  old. 

Just  as  the  student  of  economics  or  mathematics  starts  with  fundamental 
concepts  and  builds  uoon  these  concepts  in  later  studv  as  well  as  uses  them  vn 
everyday  life,  the  student  of  computer  science  should  have  some  foundation 
unon  which  to  expand  his  knowledge  of  comnuter  science  and,  more  simolv,  annly 
in  everyday  life. 

As  ever^/  educated  nerson  knows,  his  existence  in  today's  societv  is  based  on 
his  study  in  a  wide  range  of  discinl  i  nr»s ,     Tn  particular,   for  the  high  school 
student,  there  are  certain  core  requirements  which  have  been  predetermined  to 
be  necessary  for  his  later  existence.     Beca\ise  of  society's  dependence  on  the 
computer,  '3very  educated  person  should  have  a  knowledge  of  the  foundations  o^ 
comnuter  science,   i.e.,  he  should  have  as  a  oart  of  his  core  reguirements  a 
computer  literacy  course. (1)     Beyond  comnuter  literacy,  a  computer  concents  and 
annlication  course  should  be  r?vailable  to  provide  thr*  student  with  programming 
skills  he  needs  for  personal  use.     \vhat  the  student  needs  for  personal  use 
will  depend  heavily  upon  the  individual  person,  the  computing  facilities  avail- 
able to  him  in  later  courses   (or  on  the  iob) ,  and  his  area  of  academic  and  vo- 
cational interest.     A  certain  percentaoe  of  students  will  have  the  interest  and 
che  ability  to  go  on  to  more  advanced  courses  in  nrogrammina  and  other  aspects 
of  computer  science.     'This  caliber  of  student  would  most  likely  continue  in  a 
computer  science  underaraduate  education  program. (7)     Thus  bevond  the  introduc- 
tory concents  and  applications  course,  a  hiaher  level  course,  advanced  program- 
ming and  machine  structures,  might  be  made  available. 

In  addition  to  the  three  basic  comotiter  science  courses  suggested,  mod\iles 
integratino  the  comnuter  into  other  disciplines  should  be  created.     For  examnle, 
using  the  comnuter  to  compute  the  results  of  a  nhvsics  lab  from  data  frees 
the  student  to  focus  on  the  concents  of  the  experiment  rather  than  becomi nn 
boqt^ed  down  in  a  myriad  of  calculations  •  (3) 

^or  the  Present,  the  above  three  comnuter  science  courses  and  modules 
to  be  developed  are  recommended  as  oart  of  a  well-established  hioh  school  compu- 
ter science  program.     A  detailed  description  of  the  three  courses  will  b^^  found 
later  in  this  section,  hovrever,  at  this  time  a  discussion  of  the  present  state 
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of  comnuter  jjclfince  Beems  annroorlato  * 


As  stated  earlier,  comoutftr  science  is  an  inquisitive  child  orodiqy 
in  a  room  of  scientists  well-disoiplinert  in  numerous  fields.    Comnuter  science 
is  a  vounq,  ranidlv  expandina  field  with  its  fundamental  concepts  and  its 
role  in  education  not  too  well  defined.    For  most  hiqh  schools  comi^uter  faci- 
lities are  usually  limited.     (See  this  chapter  '*Computinq  on  a  Shoestrinq", 
I  IT.  J)    Ttood  text  and  other  instructional  materials  are  not  readily  avail- 
able.    (See  chanter  13).    The  teacher  of  comouter  science  usually  has  limi- 
ted formal  instruction  in  the  field  but  unlimited  enthusiasm.   (7)  (See 
chanter  12) . 


It  is  not  recommended  that  a  school  with  no  comnuter  science  department 
found  one  and  immediately  offer  the  three  courses  lust  to  he  on  the  bandwaqon. 
Pather,  the  co:nnuter  science  program  should  he  built  carefully,  with  modest 
qoals.    As  the  proqram  shows  results  and  student  interest  orows,  additional 
facilities  and  better  instructional  materials  become  available,  and  the 
teacher (s)  aain  exnerience  and  knowledqe,  a  comnuter  science  nroqram  with  a 
variety  of  qoals  can  be  offered.    The  computer  science  proqrm  suqqested  in 
this    section  offers  courses  that  miqht  be  consistent  with  a  nrogram  after 
years  of  develonment. 

romputer  Science  Courses 

Followina  are  the  recommendations  for  the  computer  science  proqram  qiven 
earlier. 


Course  ^ 

CI 
C2 

C3 


Course  Title 

Computer  Literacy 
Introduction  to  Compu- 
ter Science 

Advanced  Proqramminq  and 
Comnuter  Structures 


Prerequisite 
None 

CI,  Hiqh  school 
math  or  Alqebra  1 
C2 


Core  Requirement 

Yes 

Vo 
No 


Cr>mnuter  Tiiteracy  Cl 

[description:  This  course  is  desiqned  to  acquaint  the  averaqe  student  of  varied 
(or  no)  interests  with  the  reality,  nature,  vocabulary,  and  the  canahilities  of 
tho  comnuter  in  Ciirrent  and  future  society.  rf  the  facilities  are  available,  a 
nroqramminq  lanq\iaqe,  e.q<,  BASIC,  miaht  be  introduced.  (See  this  chapter  on 
^ARDIAC^IITO)  (A  fundamental  result  of  this  course  would  be  to  disnel  the  idea 
or  notion  that  the  comouter  is  a  box  with  almost  limitless  canahilities  and  In- 
tel liqence,  and  plant  the  truth  that  the  comnuter  is  merely  an  incredibly  fast 
machine  that  can  be  made  adaptable  to  some  of  the  needs  of  nan.) 


Major  Areas  of^_Study. 

1.  History  and  develonment  of  the  diaital  computer. 

2.  Information  processinq  -  the  elements  of  information  nrocessinq  usinq  the 
comnuter . 

a.     tha  notion  of  an  alqorithm  -  a  finite  sequence  of  operations  or  deci- 
sions which  must  be  executed  in  a  narticular  order  to  nerform  a  iob. 
b.    the  flowchart  of  the  aloorithm 
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c.     The  writina  of  the  comnuter  oronran  fron  th.?  flowchart  usinq 
RASir  if  thf*  facilities  aro  available. 

1.     The  nature  of  the  digital  computer 

a.  The  basic  reouirements  of  an  information  orocessor,  i.e.,  tho  takinq 
in,  orocessina,  and  the  qivinq  out  of  information,  e.q.,  a  telonhone 
recenticnist , 

b.  'The  S  main  comoonents  of  the  diqital  comnuter,  i.e.,  innut,  outnut, 
control,  storaae-  nnd  arithmetic  and  loqical  units   («;ee  thif^  chapter 
on  CARDIAr,ITI  .n) 

c.  The  caoacitier/  and  limitations  of  the  diqital  comnuter--direct  inter- 
action with  a  comnuter  facility  usinq  '^ASIC  and/or  nreoroqranmed  nack- 
aqes  would  facilitate  the  teachinq  of  these  important  concents.  (See 
chanter  4) . 

4.  Wide  samolinq  of  tho  wavs  in  which  connuters  are  used  in  our  society  with 
non-numeric  as  well  as  numeric  annlication.  The  imnact  to  those  various 
uses  on  the  individual  should  be  made  clear.  C^) 

5.  Vocational  oooortuni ties  available  in  comnuter  science 


Tntroduction  to  ^^ontnuter  Science;^  r 2 

Oescriotiont     '^his  course  is  desiqned  to  acquaint  those  interested  students 
with  more  refined  nroblems  solvinq  skills,  a  more  complete  nronramminq  lanquaqe, 
and  the  qeneral   field  of  computer  science.    (A  student  who  makes  continuous  us^ 
o^  a  comnuter  will  be  faced  with  a  wide  varietv  of  different  software  and 
hardware  conf iqurations .     Specific  details  of  how  to  use  these  systems  varv 
v;idelv,     '^hus ,  it  is  verv  desira>>le  ^or  the  student  to  learn  qeneral  ideas  and 
principles,  i.e.,  those  concents  that  are  not  dependent  unon  Particular  software 
or  hardware,  (7)     it  is  alsc^  important  that  a  student  learn  not  iust  procedures 
for  imnlementinq  a  certain  alqorithm  but  also  how  to  construct  their  own 
procedures . ) 

Maior  Areas  of  Studv  are  outlined  in  J^ection  T. 
Advanced      oo £amin ing  and  Machine  ^^tjuctv^res 

Descrintion:     This  course  is  desiqned  to  acquaint  those  students  who  havr» 
the  ability  and  the  interest  to  pursue  computer  science  bevond  the  hiqh  schoo] 
level  with  more  detailed  comnuter  concepts,  the  nature  of  proqrammi nq  lanquaqes, 
and  advanced  oroqramjninq  techniaues,     {It  is  important  that  the  student  not 
learn  iust  another  oroqramminq  lanquaqe  but  be  made  aware  of  the  structure  of 
oroqramminn  lanquaqes,   i.e.,  the  qrammar,   the  construction  of  sentences  in  a 
lanquaqe,  th'=^  syntax,   the  rules  of  the  lanquaqe,  and  the  semantics,  the  meaninq 
of  the  syntactical  structures.     A  structured  lanquaqe  as  AT/;OL,  MAD,  or  SNonoL 
v/ould  qive  him  an  awareness  of  a  natural  communication  v;ith  a  lanquaae  closelv 
followinq  the  problem  solvinq  metlicds.     Imnroved  methods  of  problem  solving  are 
beinq  developed?  and  advances  have  been  made  in  oroaramminq  lanquaqe  desiqn  an^ 
imnlenentation.     The  methods  and  lancuaqes  can  be  made  available;  it  is  imnor- 
tant  that  they  br»  incorporated  into  the  school  curriculum)  .  (H) 

i o r  a r e as  jof  _s^\idv 

1,     Comnuter  concents 


TIT. 0,4 


a.  Data  ronresontation  -  bits,  bvtos,  words,  double  words;  bi- 
nary, octal/  hexadecimal  renrosentat ions;  binary  and  octal  arith- 
metic 

b.  computer  loaic  -  introduction  to  Boolean  alnobra,  AMD,  NANn, 
NOR,  OR  nates,  flin  floo,  one  bit  rnemory  unit  for  both  reaisters 
and  main  storaae. 

c.  comnuter  structures  -  a  review  of  the  anatomy  o^  the  comnuter  with 
an  in  denth  look  at  the  central  nrocessinQ  unit,  i.e.,  ari thmetic-loaic 
unit,  control  unit,  reqisters,  bases;  a  discussion  of  various  T/0 
devices  and  interfacinq 

d.  information  flow  and  machine  cycles  -  short  machine  lanquaqe  in- 
struction set  such  as  CARDIAr  woulH  facilitate    the  teachina  of 
this  section  (see  this  chanter  on  the  uses  of  CARniAC,  TTT.^D  ). 

2.  Nature  of  nroorammina  lanauaaes      qrainmar,  syntax,  semantics;  knowledge  of 
a  structured  pronranminq  lanquaqe  with  some  nroqramminq  experience.  This 
sten  will  require  a  qreat  deal  of  time  if  proficiency  in  nroqramminq  in  a 
strnct\jred  lanquaqe  is  desired, 

3,  Advanced  nroqramminq  techniques  -  some  suqqestions  are: 

a,  nroqram  seormentation  usinq  subroutines 

b.  file  manaaement,  ut>datinq,  searchinq  methods 

use  of  storaqe  printout  or  core  dumn  for  debuqqinq  purnoses 
d.     tracina  techniques,  i.e.,  traclnq  the  steps  followed  diirinq  execu- 
tion of  a  nioqram  and  thf»  nrintinq  out  of  data,  addresses  or  in- 
structions in  core  or  the  reqisters  durinq  each  sten.    This  is 
used  ^or  debuaqinq  nurnoses. 
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SKCTION  H 

COMPirrKR  SCTftNCF  AT*  THr  rOLLEOr  AMP  nMT^rFRST'^V  LKVFTi 

Manv  neoplft  havo  oxneudfld  considerahlf*  time  and  effort  to  rtGvnlop  currl- 
cvilum  nuidelinoH  for  the  colleqe  and  univprsitv.     rine  widrjlv  known  and  ninni- 
ficant  studv  was  conducted  hv  the  Association  for  ronnatinn  Machinery  (ACM). 
Thin  curricvilwm  considf^rod  undnrqraduate  and  nraduato  nroqrama  and  recornmnndml 
conraos  of  studv  loadinrr  to  both  th^  masters  and  doctors  deqrees  in  comout**r 
p>clGnce.     It  anoeared  in  the  March  lOf^H  issue  of  the  Cn^v^ni cations  of  the 
ACM,  and  has  become  known  as  "Curriculum  68".     Some  peonle  felt,  however,  that 
"Curriculum  ^R"  did  not  trteet  the  needs  of  small  colleqes.    So  in  the  March 
1971  issue  of  the  Commtinications  of  the  ACM  an  article  annoared  which  consid- 
ered the  soecial  needs  of  the  small  colleqe  in  teaching  cotrtnuter  science. 
Meanwhile,  a  aroun  of  oeoolt*  met  to  discuss  and  consider  the  soecial  needs  of 
the  small  liberal  arts  collone.    The  result  was  the  ^'/heaton  College  report, 
"^he  ^^.eaton  report  was  made  availa>)le  in  Julv  of  1972  and  considered  the  col- 
lege which  had  onlv  minimal  facilities,  and  was  not  interested  in  develoninn  a 
comnuter  science  ma1or.     "The  WTieaton  renort  is  sinnificant  because  it  concen- 
trates on  nroviding  comnntinn  as  a  basic  suonort  to  other  courses,  rather  than 
a  study  in  its  own  right. 

Abstracts  of  each  of  these  renorts  annear  at  the  end  of  this  chant^^r. 
(See  abstracts  1,  7  and  IH  respectively.) 


ERLC 


coMPUTKR  sciencf;  in  hig^t  sa^ooti 
"A  Course  Outline" 
bv 

Jackson  Dunlan 


Introduction 


Computer  uj^;e  at  the  high  school  level  is  increasinq  raoidly.  Manv 
schools  already  offer  courses  in  computer  literacy,  coinnuter  proqraroiaq 
and  comnutor  science.    This  oaner  is  designed  to  illustrate  an  "ideal" 
coTTkputer  science  course  for  the  high  school  level.     It  is  written  for 
teachers  vjho  are  currently  involved  in  computer  instiruction  or  about  to 
enter  this  challenainq  field.    The  qcal  of  tho  paper  is  to  present  one 
model  of  an  exceptional  hiqh  school  comouter  science  course  in  the  hope 
that  current  orocrrams  will  be  measured  against  this  guide. 

It  is  the  firm  belief  of  the  author  that  students  who  learn  about 
comouters  in  high  school  should  be  exposed  to  a  comprehensive  and  broad 
based  computer  science  course.    Narrower  approaches  {computer  prog  ramming) 
generally  do  not  succeed  in  providing  students  v;ith  perspective  about 
computers,  computer  use  and  computer  function. 

It  should  be  noted  that  a  course  in  computer  science  is  not  a  studv 
of  computer  orogramming-     Programmina  is  a  definite  part  of  computer  science, 
but  the  major  focus  of  computer  sclRnce  is  a  balanced  anoroach  to  comouters 
rather  than  an  emphasis  uDon  one  part. 

Overview  of  the  Course 

This  course  is  designed  to  provide  the  student  with  a  basic  introduction 
to  computer  science.     It  considers  the  history  of  computers,  a  simplified 
look  at  computer  programming,  problem  solving,  problem  logic  with  flowcharting, 
concents  of  computer  systems  and  architecture,  survev  of  available  computer 
lanquaaes,  simple  computer  mathematics,  elementary  computer  electronics, 
applications  of  the  computer,  the  computer  indastry,  and  the  future  of 
computers* 

Prerequisites  include  familiarity  with  the  mathematical  concept  of  a 
variable,  and  an  ability  to  do  basic  computation  (at  the  9th  grade  basic 
math  level) ,     If  a  computer  literacv  course  is  available,  it  is  desirable 
that  the  student  take  that  course  first*     Such  a  course  will  de<tl  more 
completely  with  the  effect  rf  computers  upon  societv  which  is  not  the  major 
ob-jective  of  a  computer  science  course. 

This  course  should  be  taught  so  that  the  common  average  student  will 
be  successful.     Some  of  the  ideas  are  difficult  when  considered  in  their 
full  generality;  however,  each  can  be  handled  in  a  manner  acceptable  to 


ERLC 


below-avcraqe  students.    Major  ideas  of  computer  science  should  be  con- 
sidered from  an  intuitive  point  of  view  and  then  expanded  to  am  acceptable 
level  of  technical  sophistication.    The  general  level  of  this  course  should 
be  satisfactory  for  an  average  tenth  qrade  student. 


Philosophy  of  Course  -  Problem  Solving 

The  basic  ohilosophy  of  this  course  centers  on  the  concept  of  problem 
so 1 vi ng .    Problem  solving  is  seldom  adequately  taught  in  our  schools.  Yet 
problem  solving  is  a  basic  survival  skill.    Students  in  a  complex  and  inte- 
grated society  need  to  know  how  to  anoroach  a  problem,  how  to  distinguish 
a  solvable  nroblem  from  an  insolvable  problem,  how  to  break  oroblems  into 
fundaunental  narts,  how  to  refine  the  s\iboarts  into  a  set  of  actions  to  be 
performed,  and  hov;  to  carry  out  this  nrocess  in  an  orderly  and  systematic 
way. 

One  nroblem  solvinq  approach  to  this  course  is  to  consider  basic 
oroblems  of  mankind.     Man  has  faced  some  rather  major  auestions  in  tho  dov- 
olooment  of  society  which  serve  as  relevant  examr)les  of  problems.    The  pro- 
blems selected  should  be  ones  in  which  the  computer  has  plaved  an  important 
role.    Problems  of  this  kind  include  war,  manufacture  of  goods,  the  need 
for  ir formation,  and  the  result  of  the  information  explosion,    Kach  selected 
problem  should  be  discussed,  the  solutions  considered*  and  the  role  of  the 
computer  explored.     In  this  way  the  student  can  see  hc.v  problems  affect 
mankind,  how  problem  solving  is  approached,  and  the  roi    of  t>^e  computer  in 
the  solution.    This  process  is  characterized  by  dealinq  A\th  a  maior  pro- 
blem, discussing  how  mankind  solved  it,  and  considering  the  part  played  >jv 
computers  in  the  solution. 

This  philosophical  structure  to  the  course  permits  the  subiect  matter 
to  be  intertwined  in  an  interesting  manner.     As  each  oroblem  is  discussed, 
there  are  parts  of  problem  solvina,  programming,  computer  systems,  proce- 
dures, algorithms,  and  hardware  involved.     In  this  wav  the  study  of  the 
computer  is  approached  through  the  problems  it  has  solved,  rather  than 
approached  as  independent  units  of  studv. 

Level  of  the  Course 

A  way  to  look  at  this  course  would  be  to  consider  it  a  one  year  intro- 
ductory course  with  a  horizontal  development.  Such  a  course  would  not  have 
later  topics  dependent  upon  earlier  information. 

This  method  would  not  support  advanced  placement  college  programs.  It 
would  be  of  service  to  the  wide  group  of  students  who  will  not  become  computer 
scientists  and  who  may  not  even  go  to  college.     In  this  context  it  is  like 
hiqh  school  biologv.     The  background  qained  in  such  a  course  can  benefit 
the  student  in  college,  but  the  student  is  still  required  to  begin  his  formal 
collegiate  study  at  the  standard  freshman  level. 
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Tn  a  one*  your  introduction  to  computor  ocinnco.  th^  instructor  is 
froo  to  oxamlno  th^  field  without  l>olnq  under  prossuro  to  achiovo  a  cor- 
tain  levol  of  knowledge  hv  tho  end  of  thn  course.     Tho  author  heliovos 
that  thin  is  the  best  approach  to  computer  science  in  the  hiqh  school 
because  It  best  provides  for  different  v-?roups  of  students. 

The  Tna^or  drawback  of  this  anoroach  i^  that  it  does  not  provide 
the  student  who  will  maior  in  computer  science  the  strono,  supportinq 
backqround  that  is  desirable.     On  the  other  hand,  it  does  expose  a  wide 
variety  of  students  to  computer  science  and  in  the  process  may  spark  the 
interest  of  many  future  data  processors  j  and  at  the  saii^  time  it  provides 
tho  buddincT  computer  scientist  with  some  of  the  basic  backqround  tha\\  will 
ease  his  entry  into  a  formal  studv  of  computer  science. 

'^he  desinn  recommended  for  this  course  is  a  free,   flexiblOi  and 
relaxed  approach  to  the  suhiect  of  computers  and  computer  science •  ^^uch 
a  desirm  prohibits  a  riqid  schedule.     It  requires  the  flexibilitv  to 
follow  areas  of  particular  interests  of  students.     Such  an  approach  does 
require  considerable  skill  and  knowledge  on  the  part  of  the  teacher. 

This  cotirse  fits  under  three  of  the  state  goals  defined  h^/  the  Orf^gon 
Board  of  Education  high  school  graduation  standards.     The  three  state  goals 
are  a)  Personal  Pevelopment,  b)  So^jial  Pe&ponsibi li ty ,  and  c)  Career 
Development . 

The  following  goals  are  defined  on  four  levels.     The  most  general 
(denoted  by  roman  numerals)  are  state  wide  goals.     The  system  goals  (denoted 
by  capital  letters)  are  student  goals  describing  a  maior  area  of  understand- 
inq  subordinant  to  a  state  wide  goal.     Program  goals  (denoted  by  numerals) 
are  related  to  a  school  or  district  oroqran.     And  the  course  goals  (denoted 
by  lower  case  letters)   are  student  oriented  goals  related  to  a  specific 
course  of  studv  and  are  subordinant  to  the  program  goals. 

I.  Personal  Development. 

A.     Understand  the  basic  scientific  and  technoloqica]  processes. 
I.     Understand  the  computer  as  a  development  of  our  technology 
and  its  function  in  a  technological  aae . 

a.  The  student  knows  basic  problem  solving  techniques  that 
can  be  aonlied  to  computer  nrocessina, 

b.  The  student  knows  the  elementar\'  processes  in  desiqn  and 
construction  of  computer  programs. 

c.  '^he  student  knows  that  different  comouter  lanquaaes  oxist 
and  that  each  is  designed  to  fit  a  specific  application. 

d.  The  student  knoivs  the  various  configurations  of  computer 
systems,  and  their  relative  merits  (batch,  timeshare) . 

e.  The  student  has  an  understand! na  of  the  nature  of  mathe- 
matics in  computina. 

f.  The  rtudent  knows  about  the  technological  development  of 
the  computer. 
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q.    The  Student  knows  somo  of  the  expected  developments  in 
the  future  of  computers. 

IT.        ^>oclnl  Resnonslbility, 

A.    As  a  consumer  of  qnods  and  services, 

1.     Understand  the  computer  as  a  tool  in  our  society. 

a.     The  student  wil\  know  some  of  the  applications  of  the 
computer  to  areas  like r    business,  industry i  medicine, 
law,  government,  and  education, 

III.      Career  Develooment. 

A.     As  an  adult  workina  within  our  society. 

1.     Understand  the  comouter  field  as  a  place  vor  employment, 
and  the  implications  of  computers  in  various  vov^ations, 

a.  The  student  knows  th^  basic  emoloyment  categories  in 
the  comouter  industry. 

b.  Th^:  student  knows  the  requirements  for  various  types  of 
work  ii/  the  coir\puter  industry, 

c.  The  student  knows  the  effect  of  the  comouter  upon  currently 
aval lable  jobs . 

d.  The  student  will  nroject  the  effect  fo  comrmters  upon 
work  in  the  future. 


tn^itructional  goals,  behavioral  obiectives  and  ner^ormance  indicitor«i 
have  not  been  defined  here.     These  areas  are  more  properly  left  to  the  indivi- 
dual teacher. 


Con r GO  Tooics 

vrhile  this  course  should  be  integrated  into  problem  oriented  units, 
the  bar>ic  tonics  oemit  independent  discussion.     The  major  areas  to  consider 
are:     oroblem  solving,  computer  orogramming,  computer  languages,  systems 
concents,  computer  mathematics,  computer  electronics,  hiflton'  of  computers, 
apnlications  of  the  computer,  vocation*^  in  the  computer  industry,  and  computer? 
in  the  future. 

Tn  each  section  that  follows,  the  area  is  described  in  genera!^  terms 
and  then  considered  in  some  nreater  detail.     The  discussion  that  follows  attempts 
to  make  clear  an  area  and  its  ohilosoohical  underpinninos . 

Problem  Solving 

Problem  Solvi  ng — The  student  should  gain  a  feelino  for  the  nature  of 
an  alaorithm  and  a  procedure.     Both  the  flowchart  and  the  English 
lanauage  procedure  should  be  used        .ncrease  student  problem  solvina 
abilities.     Problem  solving  suoports  the  programming  sections  of  the 
course  and  increases  the  skill  of  the  student  in  solving  general 
classes  of  oroblei^^s. 
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Problem  solvt^o  !«;  a  kev  element  of  thin  course^     It  Is  the  loqtcal 
framework  around  which  the  course  is  built*    Aa  such,  it  requires  signifi- 
cant amounts  of  class  time  and  will  be  one  of  the  most  difficult  tonics  to 
teach.    One  reason  for  the  difficulty  of  nrcblem  solving  is  that  students 
frequently  come  into  computer  science  poorly  oreoared  to  lof^lcally  anproach 
oroblems.    Fortunately^  students  can  learn  problem  sol vino  if  thev  first 
realize  that  each  major  idea  of  comnonent  of  a  oroblem  must  be  isolated  and 
dealt  with  individually.    Once  a  student  h^s  this  basic  skill  it  is  easy 
for  him  to  solve  more  advanced  orohlems. 

Problem  solvinq  is  a  basic  part  of  computer  oroqramminq.     Tt  should 
be  introduced  nrior  to  any  procrramminq  and  ;;>?ed  as  a  tool  throuqhout  tha 
proqramminq  portions  of  the  course.     A  tool  to  illuminate  nroblem  solvinq 
is  the  flowchart r  which  lavs  out  the  loqical  elements  of  a  problem  in  a 
qraohical  form.     A  second  tool  in  nroblem  solvinq  is  the  stepwise  refinement. 
In  stepwise  refinement  the  nroblem  is  thouqht  of  as  larqe  indeneridnnt  blocks. 
Kach  of  those  blocks  is  subdivided  into  smaller  blocv-s,   (Knqllsh  lanqtiane 
procedures)  until  the  problem  is  defined  precisely  enough  that  it  can  bo 
solved  with  a  number  of  well  defined  and  discrete  actioiis.^ 

It  should  be  noted  that  flowcharting  and  s t ep wi s e  r e f i nem e n t  arc  general 
procedures*     They  are  anplied  to  nroqr.^mminq  but  are  qeneral  enouqh  to  he 
apolied  to  nearlv  any  nroblem. 

Flowcharts  must  be  done  rARKFt^LTjY .     It  is  imnortant  to  reali^e  that  when 
computer  code  is  written  into  the  boxes  of  a  flowchart,  the  chart  loses  most 
of  its  meaning.     Flowcharts  contain  Fnqlish  lanquaqe  exnressions;  that  is, 
flowcharts  contain  boxes  each  of  which  has  a  meaning,  and  the  contents  of 
the  flowchart  box  is  an  Fnqlish  language  description  of  the  action  to  be 
performed.     Careful  attention  to  this  point  oermits  the  student  to  bridge 
the  oap  between  comnuter  and  human  lanquaqe  definition  of  the  problem. 

It  should  be  noted  that  flowcharting,  and  steowise  refinement  work 
toqether  in  the  solution  of  oroblems.     ^he  flowchart  being  the  qraohical 
representation  of  the  problem  and  the  stepwise  refinement  a  method  of  problem 
definition. 


Comnuter  Pro  or  am  mine? 

Comnuter  Programming — Proqrammina  should  include  one  simnle  comnuter 
lanq\iaoe.     Reasonable  orogramming  topics  include,  the  conceipt  of  a 
variable  and  its  relationship  to  the  memorv,  the  process  of  urooran 
documentation^        its  importance  to  the  programmer  and  to  the  indus- 
try',  innut/outout,  simple  mathematical  calculation,  a  discussion  of 
control  statements  and,  their  function  within  a  program  (LIKK:  IF, 
CjOTO,  mid  looping  mechanisms),  strings,  basic  concepts  of  loops  and 
counters,  and  simple  one-dimensional  tables. 


i    Wirth,  Niklaus;   "Program  development  by  Stepwise  Refinement,"  Communications 
of  the  ACM,  Anril  1971,  Volume  14,  Mumber  4. 

*^tepwise  refvnement  is  an  important  concept  in  computer  program  design  and 
gj^^^'hould  be  a  part  of  any  resfjectahle  computer  science  course. 
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The  proqrAmminq  anpf^cts  of  the  course  should  not  oxc6q4  one- fourth 
to  ono-thlrd  of  thf>  total  timo  (includlnq  IaH  work  in  proqramminq)  *  The* 
nroqraminn  nortion  of  tho  courso  i3  d&aianftd  to  exrvose  the  student  to 
oroirAjnminq,  not  to  ma^rc  him  a  prorjrammGr,    '^hn  material  learned  hero  should 
help  the  student  to  better  understand  the  computer, 

Kxoerienco  working  with  students  at  this  level  indicates  that  most 
students  can  learn  comouter  nroqrartnincr  throuqh  the  one^dlTnensional  table  • 
After  this  ooint  the  difficulty  of  the  material  increases  rapidly. 

A  teacher  is  wise  to  set  the  limit  of  proqramining  to  the  one-dimensional 
table.    Topics  beyond  this  level  should  be  handled  in  more  advanced  courses, 
devoted  to  proqrauK^jfninq. 

The  student  who  is  capable  of  absorbin^i  considerably  more  proqranminq 
than  is  suqqested  here  should  be  qiven  a  manual  and  permitted  to  devote 
anv  extra  timo  h(*  has  to  proqramniinq. 

Ramnle*  nroqrams*  exercises  and  examples  should  develop  a  balanced 
approach  to  computer  proqramninq  with  a  (50-50)  mix  of  strinq  (alphabetic) 
and  numeric  types  of  nroccssinq,     J^trinqs  are  Imoortant  because  thev  roaMiro 
loss  mathematical  sophistication,  and  illustrate  the  idea  that  computers 
do  more  than  process  numbers.     The  kev  idea  here  is  to  move  away  from 
math  oriented  problems  and  qive  the  non-math  student  a  chance  to  perforni  in 
proqramminq • 

Some  examoles  of  nrcqroms  that  can  be  developed  with  strinqs  include: 
the  form  letter,  billinq  for  an  electric  company,  drawing  pictures,  CAI 
proqrams ,  labelinq  of  outnut,  and  desiqnation  of  innut. 

The  study  of  proqramsninq  is  not  complete  without  a  discussion  of 
structured  proqramminq.     It  is  an  important  modern  concept  in  computer  nro- 
qramminq  and  has  siqnificant  relation  to  hioman  problem  solving. 


Computer  Languages 

Pomn u t er  Lang vi ages— S tud e n t s  should  be  exposed  to  computer  languacres 
including:     translation  of  languages^  compilers,  interpreters, 

and  assemblers. 

One  interesting  tooic  in      computer  science  is  a  discussion  of  various 
comouter  programming  languages.    Todav  there  are  a  oroliferation  of  computer 
languages,  each  with  a  different  puroose.    Of  the  more  than  one  hundred  com- 
nuter  languages,  several  have  sneciflc  purposes  and  value.    Such  languages 
include  FORTRAN,  APL,  COBOL,  BASIC,  ALC/^L,  BLTSS,  SNOBOL,  PASCAL,  and  PL/1. 
Students  should  be  aware  that  computer  languages  are  tremslated  by  computer 
oroqraras  and  that  there  are  both  machine  and  higher  level  languages. 


3    Dahl,  0,  J.,  Dijkstra,  E.  W,,  Hoare,  C,  A,  R.i  Structured  Programming, 
Academic  Press,  New  York,  1972. 
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System  Concents — Students  shouM  st\ulv:    maior  components  of  tho  com- 
nutetj     the  basic  architecture  of  tho  computer,  software  incliHlnq 
concents  behind  timeshare  and  ba*~ch,  and  tho  ftinctional  relat lonshins 
between  the  parts  of  a  computer  syf^tem* 

The  comnuter  is  more  than  a  central  procesr.inn  unit.     The  comnuter  is 
a  system  of  components  that  interrelate  in  interestinq  and  comnlcx  wavs .  Tho 
study  of  the  computer  as  a  system  is  an  important  topic  which  provides  the 
st\ident  with  a  firm  understandinq  of  the  nature  of  comnuter  procossinof. 


Computer  Mathematics 

Computer  Mathematics- -The  student  should  qain  an  understandinq  of 
basic  computer  mathematics  includinq:     binarv,  octal,  decimal  rotation^ 
why  binary  and  octal  are  used  in  computer  systems;  cm  intuitive  view 
of  precision  and  accuracy  includinq  the  effects  of  round  off  errors, 
and  that  methods  exist  for  increafjinq  the  number  of  sinnificant  diqits 
available  in  the  computer. 

The  mathetnatics  of  this  course  should  be  kept  as  simple  as  possible.  It 
is  verv  tandeslrahle  to  deal  with  advanced  mathematics  or  even  topics  common 
in  alqebra*     Vt  is  entirely  possible  to  consider  the  topics  mentioned  above 
from  an  intuitive  and  numeric  basis  without  any  sophisticated  mathematics. 


Computer  Klectronics 

Comnuter  F.lectroni cs- -S tuden ts  should  study  core  memories,  why  core 
memories  are  used,  newer  tvoes  of  memory  devices   (i.e.,  solid  state), 
basic  loqic  and  logic  qates   (Avm,  OR,  NO?,  imTRTOR,  FTJP^LOP, 
ADDER,  FT^LL-ADDKR)  ,   the  basic  circuitrv  necessar*/  to  construct  qates 
usinq  transistors,  a  studv  of  loqic  represented  with  nrimative  qates, 
chanqes  hrouqht  on  hv  minituri^.ation  of  electronic  components,  inte- 
qrated  circuit  devices,  and  circuit  manuf acturinq . 

The  computer  is  an  electronic  device.     Pi\rt  of  tho  mystery  of  the  com- 
nuter is  veiled  by  the  basic  function  of  its  electronics,     vmen  students  rcal- 
i7.e  that  the  comnuter  is  constructed  from  discrete  functional  comnonents  they 
also  beqin  to  understand  that  the  computer  is  not  maqic.     These  topics  nrovide 
basic  and  fundamental  understandinq  of  hov?  the  computer  works. 


lUstor/  of  Computers 

History  of  Comnuters — Students  should  studv  the  histor/  of  comnutcrs 
includino:     the  effects  of  comnuters  on  oroblem  solvi nn,  the  devolon- 
ment  of  comoutinq  devices,  the  aenerations  of  the  comr^uter,  and  the 
effects  of  various  problems  on  comoutet  development* 
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An  interesting  wav  to  deal  with  the  history  of  computers  is  to  nrosont 
a  basic  problpsm;  conFslder  the  problem,  analys^e  solutions  to  the  oroble'^i  and 
the  technological  chanqes  brought  in  comnutcrs  bv  the  nroblein.     One  oxan-inle 
of  this  process  is  to  exantne  the  events  leading  to  the  development  of 
Pascal 'n  adding  machines ,  Babbages  Difference  Fngine,  or  the  punched  cird, 

A  study  of  history  inter- ties  various  developments  of  the  computer  and 
nrovides  a  olatform  for  consideration  of  computer  apolications. 

Applications  of  the  Computer 

Applications  of  the  Co]mputer''-Student3  should  consider:  applications 
of  computers  to  education,  government,  law  enforcement,  medicine,  pro- 
cess control  experimental  design  and  control,  models  and  simulation. 

It  is  extremely  important  for  the  student  to  gain  an  understandini  of 
hcTj^i  various  industries  use  the  computer,  what  effect  computers  have  ucon 
that  business,  and  what  the  connuter  might  do  in  the  future  for  that  business • 

vocations  in  ^o[^>_^te^r^s 

Vocations  in  the  Comptiter  Industry — Students  should  e>cr)lore  jobs  in  and 
associated  with  the  computer  industry,  including:     keypunch,  control 
clerk,  control  sunervisor,  connuter  maintenance,  field  engineer, 
customer  engineer,  HP  manager,  comnuter  operator,  shift  supervisor, 
operations  manager,  computer  sales,  programminq  computer  apnlications , 
systems  r>ro<frcinming ,  systems  analvsis,  computer  design,  and  comnuter 
manufacturing . 

Tmolicatlons  of  employment  in  tiie  computer  industn/  is  important.  Many 
of  the  iobs  in  the  future  will  be  either  entirely  or  partially  related  to 
the  computer. 

Computers  in  the  future 

Comrmters  in  the  Future- -The  student  shoiild  consider  the  exnected  impact 
of  computers  uoon  education,  government,   law  enforcement,  medicine, 
automation,  research  and  societv. 

Teacher  Skills 

Tt  is  evident  tha.t  this  course  re^Ttiires  considerable  formal  background 
and  experience  with  computers.     In  the  future  xieachers  of  comYniter  science, 
like  teachers  of  biology,  will  have  a  level  of  trainlna  eguivalent  to  an 
undergraduate  degree  in  the  subiect  fi  -sld,     Unfortunately ,  few  teachers 
currentlv  have  the  nv)alif icatlons  necessar^/  to  teach  this  course. 
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A  tiearher  who  f'oos  not  have  the.  ^uM  if  i  cations  ^'or  tihis  courso 

can  rio  two  thinas.     First,  he  should  qo  ahoa^l  and  toach  his  current  conr^ns. 

thf»  coursoB  aro  tauqht  thev  «3ho\ilfl  he  cornnarefl  with  this  model.    A55  t}io 
teachnr  noto^^  area  of  departure,  ho  shjuld  ^oro  in  on  a  few  tonics  of  inter- 
est and  over  time  ii^^prove  his  knowledqe  of  those  areas,     After  a  few  voars 
of  this  activitv  the  teacher  will  increase  his  overall  knowledqe  and  comr* 
closer  to  the  set  of  desired  qualifications, 

A  second  thlnq  the  teacher  can  do  is  return  to  school •    Several  fine 
universities  offer  summer  nroqrans  In  romnuter  science  for  teachers*  Some 

these  nroqrams  lend  to  a  master  of  arts  in  teaching  comouter  science. 
This  type  of  traininq,  which  does  not  interfere  with  the  standard  teaching 
vear,  will  increase  tha  miallf ications  and  oroficiencv'  of  teachers  verv 
ranidlv, 

A  verv  modestly  qualified  teacher  mav  desire  increasinq  the  actual 
balance  of  nroqramminq  to  computer  science  within  his  course,    ^^ile  comniiter 
courses  at  the  hiqh  school  level  should  not  become  nroqramminq  courses,  it 
is  respectable  to  increase  the  balance  of  nronranminq  while  the  teacher 
qains  wider  experience.     Once  the  teacher  feels  more  comfortable  with  :;omputer 
science  he  should  heqin  to  look  at  various   areas  of  the  course  and  make 
adiu«:trnents  awav  from  nroqramminq. 

In  time,  and  with  some  effort,   ^>e  nerson  who  is  currently  involved 
in  computer  instruction  can  become  a  master  in  the  subiect. 


The  outline  presented  above  is  a  radical  v-knarture  from  typical  hiqh 
school  computinq  courses.     Its  emohasis  is  upon  under standinq ,  exposure, 
and  inteoration  of  ideas.     It  is,   indeed,  a  difficult  course  to  teach  in 
its  full  aeneralitv,  but  with  a  talented  teacher  and  the  proper  circumstances, 
this  course  could  become  one  o^  the  most  sianificant  in  the  student's  school 
backqronnd , 
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hv  '^avifl  Of^mnflter 

Tntro.i\tc:tion      This  articln  is  inten^io^!  for  socondarv  (araHo*?  7-]  2)  to-ach^^r.q 
and  administrritors  who  aro  intorosted  in  Btartina  or  oxr^andina  a  nronram  for  thf* 
instructional  use  of  comr)u^orB«     Thnro  aro  sovoral  kev  ntens  voij  nusfi  taKo  to 
start  a  nro^ram  usina  comnuters  and  a  variety  of  nossihle  wavs  to  oxoand  a 
nronram  onco  vr  ,i  have  estahlishf>d  it. 

*^hGt^^  are  several  assumntions  made  reqardinn  vour  nresent  situation,  first, 
you  have  no  proqram  or  vou  have  a  minimal  nroqram  with  minimal  facilities,  Sec- 
ond, since  the  program  is  non-existent  or  new,  there  is  a  need  for  sunoort  (on- 
inions  and  money)  to  make  the  nroqram  qrow.  Third,  whoever  is  in  charqe  of  the 
nroqram  is  knowledqeahle  about  comnuters,  comouter  nronranminq,  and  the  instruc- 
tional use  of  comnuters.     '=*ourth ,  the  tvne  of  activities  vou  want  to  do  will 
renuire  several  volumes  to  nresent  the  tonics. 

'T'here  are  a  larqe  number  o^  factors  vou  must  take  into  consideration  as  vou 
start  to  establish  a  nroqram  for  instructional  use  of  comniiters.     Four  of  the5>e 
factors  which  need  immediate  attention  are  oroqram  qoals,  types  of  comnutin^f 
facilities,  courses  {where  in  the  curriculum  do  vou  stant  usina  the  comnuter?) , 
and  authority. 

Co a 1 s .     The  qoals  yo\i  establish  will  nive  direction  ^ ^r  your  entire  onerntvon. 
Vou  need  to  have  a  clear  idea  of  what  vou  want  thr-  sttidents  to  know  and  nain 
from  the  nroqram*     It  is  best  to  select  one  or  two  maior  noals  which  are  rjed^noqi- 
callv  sound  and  realistic  for  your  situation,     'rtiree  examples  of  such  qoals  are: 

1.  The  students  will  be  able  to  use  the  comouter  as  a  tool  in  nroblem 
p.olvinq  by   (a)  constructinq  simole  computer  orcqr^ims  and/or  (b)  usim  com- 
outer nroqrams  developed  bv  someone  else. 

2.  The  student  will  be  aware  of  the  importance  of  comnuters  in  our  soc- 
iety and  the  impact  comnuters  will  have  on  his  life,     (He  will  know  what  the 
comnuter  can  and  cannot  do,  how  the  comnutor  is  used  in  our  societv  todav, 
what  the  potential  developments  will  be,  and  he  will  learn  n(^t  to  have 

fear  or  be  nreiudiced  about  comnuters.) 

3.  '^he  student  will  exolore  the  career  onnortuni ties  in  the  field  of  data 
nrocessina  and  learn  how  the  comn\iter  is  used  in  business  and  industry. 

Any  one  or  two  of  these  aoals  would  be  a  stiff icient  base  to  build  a  oronram. 
There  are  a  larqe  variety  of  qoals  vou  could  establish  but  the  main  point  is  that 
they  must  be  established.     Your  individual  preferences  and  values  will  determine 
your  selection.     However,  make  sure  vour  noals  can  be  achieved  and  are  reasonable 
in  terms  of  facilities,  staff  and  time. 

Facilities      If  you  start  v/ith  nothinq  you  have  several  options  for  qaininq  com- 
nuter facilities.     The  ideas  discussed  here  are  based  on  the  assumption  that  vou 
do  not  have  much  money  available.     ^or  each  ontion  some  of  the  advantaaes  and 
di.sadvantaqes    are  mentioned* 

First,  someone  could  allow  vou  to  use  their  comnuter  facilities  fref^  of 
charqe.     In  most  communities  there  are  nublic  and  orivate  computer  facilities 
which  are  not  used  to  their  capacity.     In  some  cases  they  may  allow  you  to  run 
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fitndent  nroqrams  at  no  charge.    Thus,  ono  of  tho  first  things  vou  do  in  in- 
vnstiqatlnn  facilities  is  to  study  vour  communitv  for  available  rftsource*?. 
The  birj  advantaqe  of  this  idea  Is  that  it  won't  cost  vou  much.    You  may  havo  to 
rent  a  communication  dovice  (ufiually  a  card  nnnch  device  to  preoare  cards)  at 
about  1)100  per  month,  but  this  is  the  minimum  vou  will  have  to  spend  in  most 
cases . 

There  are  several  disadvantages  when  usinq  donated  facilities.    The  pro- 
nramminq  lanauane  available  often  is  not  desiqned  for  student  use.  Proqramminq 
lanquaqos  such  as  BA5;Tr:  are  seldan  available*     Since  manv  businesses  onerate  a 
batch  oriented  system  the  tvne  of  activities  you  can  involve  students  in  is 
United.     For  examnle,  it  Is  difficult  to  run  nanv  tyoes  of  simulations  or  nro- 
qrams  which  require  direct  interaction  with  the  comouter.    Since  the  facilitv 
has  a  maior  function  other  than  education,  vour  oroqrams  will  be  on  a  very  low 
priority.     This  causes  delays  in  having  vour  programs  run.     In  general,  the 
turnaround  time  is  longer  than  you  mav  desire  for  educational  purposes,  but  an 
innovative  teacher  can  usually  work  around  this  handicap. 

Second,  if  vou  are  unable  to  find  someone  who  will  donate  comnuter  faci- 
lities, then  look  for  someone  who  will  rent  vou    comnuter  time  on  his  system. 
Many  computers  sit  idle  after  five  o'clock  or  are  not  used  fully  during  the  day. 
This  idea  is  nimilar  to  the  first,  hut  it  has  the  added  cost  of  rental  fees. 
The  cost  will  vary  widely  from  olace  to  nlace.    The  advantages  and  disadvan- 
taaes  are  the  same  as  mentioned  previously. 

Third,  there  are  manv  organizations  and  oomnanies  which  rent  computer 
time  on  a  larqe  comnuter  system  on  a  timesharinq  basis,    formally  you  lease  or 
nurchase  a  teletypewriter  and  accessories  which  allo\^  vou  to  establish  communi* 
cations  with  the  comnuter*     Teletype  rental  fees  vary  from  location  to  location, 
but  one  can  usually  be  rented  for  about  $80  nor  month  plus  installation  fees. 
Computer  time  costs  vary  in  rate  and  overall  monthly  charges  will  depend  on  how 
much  time  Is  used.     Comnanies  contacted  can  give  estimates  for  rates.     In  addi- 
tion vou  will  need  a  telenhone  at  about  $14  ner  month  nlus  an  installation 
charge • 

'^e  advantages  o^  this  third  option  are  that  the  teletvne  will  be  in  the 
classroom,  ranid  turnaround  time,  student  oriented  languages  (usually  BASIC) , 
a  orogram  library,  and  often  storaqe  caoabilities .     This  is  almost  like  having 
a  larqc  comnuter  in  your  classroom,  hut  not  the  responsibilities  and  problems 
which  accomnany  such  a  system.     The  disadvantage  is  that  you  have  onlv  one  (two 
if  vouTre  lucky)  teletvoes  in  the  room,     '^rvinq  to  get  one  or  two  more  classes 
of  students  time  at  the  terminal  is  a  major  obstacle  teachers  must  overcome. 

The  fourth  ontion  is  to  .-jurchase  a  minicomnuter  for  instructional  purposes. 
There  are  several  types  of  computer  :;*'sten<3  available  for  under  $10,000.  Tf 
the  cost  15^  snread  over  two  or  three  v?ars  the  vearlv  costs  are  much  lower, 
"^.v'o  nossible  conf iqurations  are  (1)  a  ninicomputer  and  a  53inale  teletypewriter 
for  communication  and  (2)   a  minicomnuter  with  a  card  reader  which  reads  cards 
marked  in  nencll  for  communicationi? .     These  two  conf  iqurations  are  among  the 
more  common  tvnes  currently  used  in  schools.     The  first  can  be  acquired  for 
aooroximatelv      ,000 . 

'^e  advantage  of  ourchasinq  your  own  facilities  is  that  vou  nurchase  a  svs- 
tem  which  fits  your  needs.     You  can  usually  have  the  languane,  tvoe  of  communi- 
cations device,  and  amount  of  time  vou  need  for  vour  nrooram.    Manv  of  the  small 
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compvitftr  nv^tona  havo  the  capacity  *^or  oxoannion  an  vour  nroqram  qrow<i. 

Mowftvf^r,  with  vour  own  f<^cnitios  will  comr^  5;ovor(il  potential  nrohlom^i. 
You  may  finrl  that  the  small  comnut<"*r  cannot  hanr^le  larnr*  nrooram.'g.     The  mini- 
mal ^vatem  has  no  storaqr?  c-inacitv  such  an  mannetic  taoes  or  <iink«.     Also,  vou 
have  the  resnonnihi litv  of  keeoinq  the  svsten  runninq.     ^ince  this  is  the  most 
expensive  and  romnllcated  method  of  acouirinq  facilities  vou  need  to  do  much 
plannlnq  and  Investiqatinn  before  vou  make  a  deci:?ion.     It  will  nav,  in  the  lonq 
run,  to  qet  he  In  from  someone  who  knows  the  ins  and  outs  of  nurchasinfi  computer 
hardware  and  who  can  alert  you  to  problems,  both  ootential  and  real,  which 
accomnanv  such  a  purchase. 

Courses .     ^tv^ere  are  several  ways  a  school  can  start  usinq  the  comnuher  for  in- 
struction,   '^he  three  ideas  presented  here  are  the  most  comw?on. 

One  method  is  to  operate  a  seoarate  course  in  "Computer  Proqramminq'*/* Corn- 
outer  Science"/  or  "Data  Processina".     This  is  a  one  semester  or  one  year  course 
desiqned  to  teach  snecificallv  about  comnuters.     Although  there  i'S  as  much  ration- 
ale for  offerinq  this  course  3s  manv  others  in  the  secondary  curriculum,  it 
is  difficult  for  schools  to  add  another  cour.^e  on  ton  of  already  crowded  schedtiles. 
The  addition  of  this  course  mav  mean  the  elimination  of  some  other  course, 
which  mav  or  mav  not  he  desirable.     In  addition,  a  sufficient  num>v?r  of  studnnts 
will  need  to  be  recruited  to  actual Iv  onerate  the  course. 

Another  method  of  implementinn  corinuter  instruction  is  to  offer  a  unit  or 
section  on  or  about  computers  as  oart  of  a  reqular  coursa.     The  lenqth  of  time  is 
flexible  (2  to  A  weeks)  and  deoends  on  the  instructor.     This  usual Iv  occurs  in 
a  science,  mathematics  or  business  course.     This  qives  the  instructor  a  larqe 
number  of  students  and  the  opportunitv  to  inteqrate  the  study  of  comptiters  with 
the  main  course.     T^he  advantage  of  this  aonroach  is  that  it  does  not  affect 
the  school^s  schedule,    tvhen  you  attempt  to  add  a  new  unit  to  an  existinq  course 
somethinq  has  to  be  chanqed.     either  some  topics  in  the  course  of  studv  must  he 
omitted  or  the  denth  of  covoraqe  must  be  chanqed  to  allow  the  new  tooic.  This 
is  no  mean  task  for  anv  instructor. 

A  third  method  of  implementation  is  to  teach  an  existinq  course  usinq  the 
computer.     ^or  examnle,  mathematics  could  be  tauqht  usinq  the  comnueer.  There 
are  several  textbooks  c\irrentlv  available  which  are  structured  in  this  wav. 
Here  the  comntiter  is  a  tool  used  in  learninqthe  subiect  under  study.  'r^he 

normal  subiect  matter  is  the  focus  of  instruction,  not  the  comouter .     of  course, 

the  students  mtist  first  learn  to  use  the  comntiter. 

Authority .     In  everv  school  svsten  there  are  several  neonle  who  have  a  defi- 
nite sav  about  what  is  done  in  the  classroom.     They  are  head  teachers ;  orin- 
cinals,  curriculum  supervisors,  suoerintendents ,  and  school  boards.  Their 
opinions  and  qoals  directly  influence  what  vou  artuallv  do.     If  vou  are  to 
make  ma -or  chanoes  in  the  curriculum  you  will  need  their  annroval  even  i^  vovi 
don't  intend  on  soendinrr  much  monev.     once  vou  enter  the  area  o^  snendina  monev 
the  annroval  is  more  imnortant  and  often  harder  to  obtain. 

Most  schools  have  a  method  for  teachers  to  oronose  innovation  oroqrams. 
The  structure  mav  be  formal  or  informal,  but  it  is  there.     f^ince  vou  will  have 
to  work  within  the  system  vou  should  investigate  how  it  works  in  vour  school. 
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Mo3t  administrator?;  aro  concernod  with  quality  eduC'ition  and  willinq  to  heln 
vou  doveloo  a  reasonablo  program.    You  need  to  qaln  thoir  svinoort  if  vou 
want  to  nromote  vo\ir  proaram.    Thore  are  no  surefire  mchtods  of  winnina  the 
aonroval  of  adminifl trator.*?  or  school  boards.    Rv  studvinq  vour  system  vou  are 
in  the  bGfst  nosition  to  iudqe  what  to  do. 

rdeatlv,  a  school  would  determine  what  it  wanted  to  achieve  (qoals) , 
develon  an  instructional  proaram,  and  then  acauire  the  appropriate  facilities* 
There  is  a  variety  of  reasons  this  approach  is  seldom  used  in  imolementina  a 
pronram^'you  must  make  changes  or  concessions  based  on  the  realities  of  your  situ- 
ation.   The  four  kev  noints  mentioned  are  not  exclusive  from  one  another.  A 
chame  in  one  area  causes  channes  in  others.    The  qoals,  facilities,  your  over- 
all curriculum  "Structure,  administrators  and  board,  faculty,  etc.  all  interact 
to  determine  vour  oroqram.    ^or  examole,  if  vour  facilities  will  be  usinq  a 
batch  processing  comouter  at  some  local  business  then  you  cannot  expect  to  run 
simulations  or  teach  the  BASIC  lanquaqe.     Tf  the  onlv  teachers  available  are  in 
the  mathematics  department  then  it  would  ho  difficult  to  operate  a  course  in 
business  data  processing.     These  examples  are  lust  two  of  many  types  of  situ- 
ations which  occur  when  vou  start  planning. 

Several  alternative  Plans  should  be  developed  to  take  into  account  the 
various  conditions  with  which  vou  mav  finallv  have  to  contend.     These  plans 
should  include  decisions  regard Lng  the  four  noints  mentioned  and  other  factors 
v^tiich  exist  in  your  situation.     A  tentative  budget  should  be  included  in  each 
nlan. 

When  developing  olans  for  a  program  vou  need  to  know  sneciPicallv  what 
vou  want  now  (or  next  year)  and  vou  need  to  have  a  long  range  plan  for  &t  least 
five  vears*     This  long  range  olan  gives  vour  immediate  plans  direction. 

School  Board  and  .Superintendent.     Before  renuesting  facilities  or  nonev  vou 
need  to  convince  reoole  that  the  goals  of  your  program  are  sound,    t^o  purpose 
of  your  presentation  should  bo  to  convince  the  board  or  superintendent  that 
the  oroqram  is  valuable.     A  oeneral  outline  of  such  a  presentation  follows. 

1.  A  major  goal  of  education  is  to  nrenare  students  to  function  in  our 
society.    The  computer  is  an  integral  part  of  our  societv.    Alert  them  to 
the  fact  that  thev  are  in  contact  with  computers  everv  day.     Manv  of  the 
local  businesses  will  be  usinq  computers.    Point  this  out  soecif icallv, 
using  companies  thev  are  familiar  with. 

2.  Present  the  goals  and  rationale  for  each,     ror  examolC/  if  the  aoal 
is:     the  student  will  be  able  to  use  the  computer  as  a  tool  in  problem 
solving,  then  the  rationale  is:  the  use  of  Mie  computer  in  the  secondary 
schools  provides  many  advantages  not  otherwise  available.     A  few  of 
these  advantaaes  are: 

a.  Generalisations,  concept  development,  and  procedures  are 
often  a  major  goal  of  instruction,     '^e  hioh  sneed  and  accuracv 
of  the  computer  allows  the  emphasis  to  he  Placed  on  these  major 
goals  rather  than  just  the  answer. 

b.  The  use  of  the  computer  becomes  a  highlv  motivating  device  in 
the  classroom. 

c.  "^he  use  of  the  computer  can  eliminate  the  boredom  of  doina  lenqthv 
and  complex  computations.     Also,  it  can  elrminate  errors  made  in  com- 
putation.    '^\js,  the  student  has  accurat'^  results  to  analvze  and  a 
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much  lonqor  time  to  snend  on  analvsis. 

d.  The  comouter  extends  the  student's  ability  to  handle  nroblems  that 
were  nreviouslv  too  difficult.     Because  of  this,  more  realistic  nroh- 
lems  can  be  oresented  for  study.     Also,  tonics  that  were  nrevlonslv  left 
out  of  the  curriculum  because  of  the  comnutational  comnlexi ties  involved 
can  now  be  included. 

e.  The  comnuter  can  be  used  in  everv  department  in  our  secondary  schools 
and  can  be  used  bv  every  student. 

f.  Pverv  college  or  university  and  manv  iunior  collenes  and  vocational 
schools  have  computing  facilities  available  for  students •  ^hose 
students  who  will  be  involved  in  oost  hirih  school  traininn  need  to  be 
orenared  to  make  use  of  the  existina  facilities  for  their  own  advantage. 

Of.     In  addition  to  beinq  able  to  use  the  comnuter  for  problem  solving,  the 
learnina  of  comnuter  oroqramminq  is  valuable  because  it  teaches  stu- 
dents to  think  logically.     Comnuter  nroqramminq  is  much  more  than  lust 
constructina  a  code  for  the  comnuter.     Proqramminn  involves  several 
stens.     They  are: 


nefinition  of  th»3  nroblem. 

2. 

Analyze  the  problem  and  detennine  the  most  feasible  method 

of  solu- 

tion . 

3. 

nesiqn  a  solu.tion  -  flow  chartinq. 

Codina  the  solution  in  the  nro7ramminq  lannuaqe. 

5. 

Fnter  the  nroqram  in  the  comnuter. 

Possible  debuqqinq. 

1 . 

Run  nroqram. 

Possible  debuqqinq. 

Obtain  nrint-out  and  analyze  results. 

To  be  able  to  construct  a  nroqram  requires  a  hiqh  lev^l  of 

under- 

standinq  of  the  concents  an.i  procedures  beinq  studied.     Kvervone  aarees 
that  one  must  understand  a  tonic  vorv  well  to  teach  it  to  someone  else. 
To  teach  a  tonic  to  a  computer  (proqramminq)  requires  an  even  better 
understandinq. 

h.  n^e  \ise  of  the  comnuter  requires  the  active  narticination  of  the  students. 

i.  "It  is  curious  that  in  the  'normal'   secondary  school  with  its  lessons 
to  be  memorized  and  exams  to  be  nasse^l,   there  is  so  little  occasion  for 

a  student  to  ask  his  own  nuestions  and  ntirsue  their  solutions  with  imaqin- 
ation  and  enthusiasm.     If  the  solution  to  his  problem  is  a  worVina  com-- 
nuter  nroqram  r  he  will  have  learned  as  much  as  one  learns  a  subiect  when 
one  must  teach  it.     In  addition,  he  will  nossess  a  finished  nroduct  that 
is  very  much  his  own  creation."    niqital  Pouinment  Tomoration 

3.  ^ut  on  a  demonstration  of  vour  facilities  if  possible. 

4.  r.eave  sufficient  time  for  questions  and  be  nrenared  to  resnond  arlenuatelv. 

Building  a  Proqram.     Once  a  nroqram  for  instructional  us5  of  comnuters  has  been 
established  it  is  often  necessary  to  sunnort  it  so  that  the  nroqram  will  he  keot 
in  the  curriculum  or  so  that  the  nroqram  can  be  exnanded.     The  following  ideas 
arc,  activities  which  may  help  sunnort  a  nronram. 

1.  Try  to  qain  the  sunnort  of  other  teachers  in  the  buildinn.    You  can 
demonstrate  the  comnuter  in  their  classroom,  run  statistics  on  tests,  or 
surveys,  or  help  them  on  classroom  research. 

2.  Gain  sunr^ort  of  school  administrators  bv  runninq  statistical  nroqrams 
^or  them. 
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.     r^renont  vonr  nrooram  at  <\  staff  mortina.     ^'oon  it  brief  ani 
oogitlvo.     strftss  what  th^  stur^f^ntfl  havf?  learnod  and  their  attitudes 
toward  the  cla.^s. 

4.  Keen  nar^nts  Infomed  of  wh-it  von  tiro  doina.     Viike  a  nresentation 
to  the  PTA.     Stress  the  "hiqh  nuali  tv"  of  the  nroqratn  and  how  modern 
it  is, 

5.  Arranae  for  teacher  inservice  on  educational  wsp.  of  comnuters. 
This  can  be  done  at  a  local  colleae  or  at  a  local  school.    Most  areas 
are  able  to  nrovide  instnictorf?  for  such  a  course.     (The  school  district 
will  often  nav  for  this  tvoe  of  inservice*) 

6.  Have  the  local  newspaper  do  a  short  article  about  vour  nroqram. 
'^his  could  include  several  oictures  and  a  few  short  statements  about 
the  intent  of  the  oroqram. 

7.  Keen  records       what  the  students  have  done  (academicallv)  on  the 
computer,  the  amount  of  tine  ner  dav  thr>  telotvnewriter  is  actual  Iv  in 
tiso,  nun>>er  of  students  involved  in  the  nronran,  opinions  of  students. 

At  the  end  of  the  first  vear  of  operation  a  comnletf^  renort  of  your  Prog- 
ress should  be  submitted  to  all  oeonlo  concerned  (superintendent,  princi- 
pal, deoartment  head,  pta,  school  board).     Tnis  could  contain  the  ooals, 
student  nroaress  and  achievement,   (cost  nor  student,  ontional)  data  that 
has  'neen  collected  etc.     It  is  the  tasV  of  the  teacher  to  be  sure  the 
oroaram  is  successful.     If  for  some  reason  i^  is  not,  find  out  why  and 
support  vour  reasons. 

n.     Several  snail  drill  and  practice  oronrans  (Mn  be  inade  available  to 
simulate  larae  computer  assisted  instruction  {^hJ)   nroqrams .     These  can 
be  used  in  some  mathematics  corjrses  to  motivate  students.     This  is  time 
consumina  but  mav  nrove  valuable. 

^,     A  brief  overview  could  be  nrenared  and  distributed  to  other  teachers, 
parents  of  students  involved,  newspaper,  ntc*     Tho  idea  is  to  keen  the 
concept  alive  in  the  minds  of  other  people  involved  ^n  education, 
l'^,     Onc^  the  oroaram  is  underwav  it  is  helnfnl   to  keen  the    school  board 
inform^>d.     A  short  10-13  minute  Presentation  is  a  aood  idea.     Most  school 
board  members  are  interested  in  what  is  hannoninn  in  the  classroom,  rind 
onf>  or  two  students  who  would  he  willinq  to  st-^nd  up  and  state  what  thev 
feel  thev  have  qainerl  from  the  course.     A  one  or  two  x^aqn  handout  should 
be  available  to  everyone  at  the  meetina. 

ronclTision.     is'Viether  vou  are  startina  or  buildinq  a  proqram  for  the  instructional 
use  of  comnuters  there  ar?  a  tremendous  number  of  decisions  and  olans  to  bo  m^de. 
To  maVo  vour  nrooram  successful  keep  in  mind  these  four  ideas,     rirst  enthusi- 
istir  teachers  and  students  are  necessary  for  any  successf^ul  nrooram.  '^his 
aains  sunnort  and  aives  vour  nroqram  momentum.     Second,  be  nrenared*     vqu  need 
to  know  where  vou  are  aoina  and  be  able  to  sunnort  vour  nronosals.     Third,  stay 
small  and  build  on  success.  vou  trv  to  do  too  much  at  one  time  vou  are  more 

like^^  to  run  into  nroblens.    Once  vou  have  failed  to  succeed  if  is  harder  to  try 
1  second  time.     r^ourth,  since  vour  nrorrram  is  new  vovj  will  need  to  prove  it's 
merit.     Nothing  helps  a  nroqram  to  arow  more  than  success* 
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iHnifaxV"  Nkml  o'^Tu       'CnT  i  rornTa 

This   ^liort   {0  7>  pai^esl)   do  1  i  i:.h  t  fu  1  1 )   \vr.itt  on  book    is  an 
L'XcclltMit   soir   iiistructioi;  iiiaiuuil   for   leariuni^  llio  nulnnonts 
o(  r>ASUl  on  a  time  sharinv:;  systcin  using  a  I     e  t  yiu^vr  i  1 1  oi^  (TTY) 

The  tliciiic  t)n*ouc;[ioii t   is>  ai;  written  on  the   first  pago^ 
"kxjuM"  i  ]]\cni  \     Ciwnh  \c  !     (Uicss  ,  .  .  .  then  Tr)-  it!" 

Hy  vnvyi])\\  a  g  i  veil  problem  the  beginner   is   I  oil  throup.li  a 
step  by  step  exploration  of  ]irimitive  k»ASIC.     There  are  many 
exani;)les  and  short  exercises  to  hel]^  hiii).     A  typical  problem: 
In  )-ear  zero,  we  start  witfi  a  |)opulation  of  P  people.     The  i)op- 
ulatioj)   inereases  bv  R^,  eacli  )'eiir.     In  N  years,   the  population 
vvi  1 1   be:     Q  -  P(  1  R/10n)N. 

T(^pics  th.at  are   irUrudaKOil  are:      1  i  ik?  iniiiiluM\s,   PIUNT  state; 
meats,    klST,  RinURN,   correct  i  ni;  mi  stal:cs ,  SCR,  lUJN  ,  RNH,  sci- 
entific notation,    LNl^lIT,   GO  TO',   CNTRL  C,   bSC  nv  AbT  MODP,  RCAt), 
PATA,   ^^ith  Mudcis,    IF...Tin;N,   INT(c),   bOR-NkXT  k001\  STliP,  Sllib- 
Sc;Ri  P'l  f;n  VARlAr,Ij;,   riM,  SlIRROinMNbS,  double  subscripts,  infor- 
mation retrieval,  etc.     Strings  and  Files  are  omitted. 

This  is  n  clecrrly  written  book;  a  variety  of  type  is  used 
in  print  inj;  to  in;ike  each  page  eye  catching.  Jt  is  inexpensive 
(^I«1P)   and  well   wortl^  ti;e  expenditure   for  \hc  beginner. 


Sue  lV;i  1  dman 


rii  .K.  :i 


AC M  Cu r r icu I iim  Coiafnltteo  on  Computor  S cicn c c 
Communications  of  ACM,  Vol,   11,  No,   3   (March  1968) 
Paqes  151-197 

'['his  report  can  bo  deacribod  as  a  major  contribution  to  the  literature 
coi\cori\ecl  with  the  dovGlopmcnt  of  educational  programs  in  the  computinq  and 
infomation  sciences .     It  contains  recommendations  on  academic  programs  at 
both  the  undergradu/^t-e  and  the  graduate  levels  develor^ed  by  the  ACM  Curric- 
ulum Committee  on  Computer  Science •     That  portion  of  the  report  devoted  to 
the  undergraduate  program  is  really  a  revised  version  of  an  earlioi  report 
entitled  "AN  Undergraduate  Program  in  Computer  Science  —  Preliminai-y  Kccom- 
mondations."     (Comm.  ACM  8,9   (Sept.    1965),    543-552;  CR7,1    (Jan. -Feb.  1966), 
Rev.   8767)  . 

A  classification  of  the  sul^joct  areas  contained  in  computer  science  is 
ore.sentod.     These  subject  areas  are  grouped  into  three  divisions:    (1)  Infor- 
mation Structures  and  Processes;    (2)    Information  ProcossLnq  Systemfi;  (3) 
Methodologies;  with  several  related  subiect  areas,  grouped  into  two  divi- 
sions:   (4)   Mathematical  Sciences?    (5)   Physical  and  Hnginoering  Scienc<v*-i. 

It  is  somewhat  distrulying  to  this  reviewer  to  find  numerical  analysis 
(qrou[HKl  under  mathematical  sciences)   tiesi^nated  as  a  "related  su}jject 
area"  . 

There  are  tv/enty-two  courses  descr.>K^d  in  these  areas,  along  wit'n  pre- 
requisites,  catalog  doscripti  ms ,  detailed  outlines,   and  annotated  bibliog- 
raphies.    Those  readers  interested  in  setting  up  academic  programs  will 
find  this  information  extremely  useful.     They  will  also  be  quite  pleased 
to  find  detailed  recommendations  for  the  undergraduate  degree  program. 

Graduate  program^   in  Computer  Sciencre  are  discussed,   and  some  recon- 
meiidations  are  presented  for  a  master's  degree  program.     iiowever,  doctoral 
t>rograms  are  discussed  only  in  von/  general  terms  v/itli  no  sr>ecific  recom-- 
rnendations.     The  importance  of  service  courses  in  computer  science  and  a 
minor  in  computer  science  are  stressed,  along  witii  the   imporfance  of  con- 
tinuing education  in  this  highly  dynajnic  field. 

Attention  is  given  to  the  organisation,  staff  requirements,  comouter 
resources,  and  other  facilities  needed  to  implement  educational  programs 
in  computer  science. 

R.  T.  Gregory 

*  Reprint  from  the  May  1968  issue  of  Computing  Reviev/s 
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CA)n\^ri'cnK:c  I^oat'el  of  tlic  Mathematical  Sciences 
Cloiiimit  toe  on  Cnmputei"  lUlucat  ioii 

lk;coj]i}noiul_a  I  i  ou  ^\  Vov^a  i\\  i  no  Comput  rs  hi  \\]\  Sc  !io<)  I  !:J(ica  (ion 
y\  iW  ]^ehiisy  1  va  inir  Ave  .  7  Nl\ V '^^^ ,  Wa sIm  im!  t  o'li WV  ~^()l^y 
April  19?.: 


Witli  ccunniitcrs  rapidly  coiiri]UT,     :ito   the  educational  sccim', 
ther-;   is  a  pressure  on  secondary  <     oo  I   teachers  to  teach,  some- 
MiiiU;  al)Oia   computing.     The  charac     r  and  quality  of  wfwit   is  to 
he  taupju  depcPids  heavily  on  the  guidance^  aiul  inaterials  avail- 
al^le   to   these  teachers.     Seeing  the  need   for  national  guidance, 
the  CBNiS   issued   this   report  after  a  2'.  year  committee  study  of 
secondary  computer  education.     Tlioy  addressed  the  report  to 
the  ma  t  hemat  i  ca  1  -  sc  icn  t  i  f  i  c  ccMumur,  i  t  y  . 

ThcMr  rccoMiiicndat  ions   Cor  prj^paration  of  courses  and  edu- 
cational materials  are  as  follows: 

A,     A  "junior  ''igh.  schuol   course   in  computer  literacy  de- 
signed  to  provide   the  stuchuU   with  enough   information  aiunit  (do 
lU'iturc^  o{   the  computer  so  that    lic^  can  undei'stand  tlu^  roles  uliich 
comjniters  i^lay   in  our  societ)'."     This  cours(^  v;ouJd  he  rc(|u  i 
^'or  all   students  a  nil   should  he  one  semester   in  lengtli. 

i> .     An   i  n t roduc  I  i  01^  to  coiiiiniting  cvwr^^c  ,   provitlod  as  a 
fo]jv>K-up  to  tlie  com]niter   literacy  course,   \v  i  ( h  emnliasis  on 
oior'ien  solvin^^!, .      fn  ruldiiion,   some  modules    integratii^g  coiinnjting 
ir^to  sc^corular;/  math  courses  and    introducing  simulatiofi  into 
f\iysical  and  social  studies, 

r,.     Special    in-ograms   m  comnuter  science  for  gifted  student:;. 

i).     A  higli  eiualit)-,   vocational   coi'iputer   iraining  progi-am. 

.\lso  included  in  t  liei  r  r  ccoinmejida  t  i  ons  is  Xational  Science 
iouiidation  snpi.^oi't  i'ov  tUi:  tleve  1  o piuent  o  1'  a  variety  of  jU^ogram,s 
for  trainin.g  of   tc\-ic!vm's  and   t  lu^  training,  of  teachers  of 

t  r lii-)  !^  of  ('onjnjter  courses.  It  was  suggested  t^  at  a  clear- 
i:;glM.ni:;e  for  i  n  l"o  rma  t  i  (^n  about  iiigh.  scliool  computer  education, 
sfiOuld   i)e   estal)l  isJied. 

Tlie  report   does  not  go  iiito  detail   cor,cernii\g  content  of 
com|)utei"  science  courses  or  preparation  of  suital)lc  educational 
materials  hut  does   give  cons  i  derail     direction   for  ?neeting  their 
recommefida  t  i  ons  . 


vJay  jiee  Sm  i  th. 


AV  1  I  vKHi ,  Uouald 

t'onf^utiU"  frcjf jrainmijKi  for  the.  SovonMi  ^'rajo 
:iathomatics  'rodcaoi'  Vol  .   GC,  No.   T      ( JanTaaxv  1973) 
I'ajos  17-19 

Valley  S^roam  'Jorth  Uiqh  School  is  3  suburban  c^ci\ool  on  r,onq  Island, 
'■.:r;,.mprisin(]  qradoH  7-12.     1\\  S(>pt<?rn};or  1170,   tlie  witlK^ma i.ics  'Ici^artiiar  ni. 
owned  ono  Dlqital  rDP-r.f,  ccnputer  V'ith        momory  and  four  on-line  termi- 
nals.    'riiG  o^fuipmont.  wc\Fj  housed  in  a  fairly  largo  room  called  the  (yjcvuiitir 
La}),     The  room  was  used  only  Cor  computer  instruction. 

During  the  eiqht-f^er iod  day,   two  sections  of  corafniter  matherna t  i  w^vrr- 
taught  as  a  ono-semestor  elective  open  to  students  in  qrados  11  and  12. 
For  the  remaining  six  Doriods,  the  lal>  was  oj?en  for  student  use  cmd  was 
supervised  by  a  matliemat i  cs  teacher  as  one  of  his  duty  assignments.     ^;t  u~ 
dents  enrolled  in  the  computer  mathematics  courses  were  pemitted  to  use 
the  ec{ui|)iaent  during  the  time  when  they  were  assigned  to  study  hall  or 
lunch.     Since  approximately  forty  students  arc  enrolled  during  anv  one 
semester,   two  pertinent  c[ucstions  have  arisen:   1)   Are  a  capital  outlay  of 
approximately  $15,000,  a  yearly  service   contract  of  $2,400,  ard  oic?ht 
teacher-periods  a  day  economically  justifiable  for  RO  youngsters?     ?)   ;  inco 
the  program  is  offered  only  to  eleventh  and  twelfth  graders  a)id  affects: 
only  a  small  number  of  mathematically  oriented,  college-bound  students,  is 
it  sufficiently  justified? 

The  decision  was  made  to  L  road  en  tl^ie  comi^uter  program  to  include  as 
m,any  youngsters  as  possible.     Computer  instruction  was  to  begin  in  the 
suventh  grade;    further  direction  could  be  determined  by  the  sviccess  or 
failure  of  that  instruct iori . 

A  two~or  three-week  unit  of  comouter  Instruction  was  given  to  all 
seventh  gracu^rs.     Tlie  unit  included  flowcharting,  writing  simple  programs 
and  hands-on  experience.     Kach  section  was  instructed  Ln  its  regular 
mathemati-cs  classroom  and  was  moved  to  the  computer  lab  on  a  proscheduled 
basis  for  hands-on  experience.     \-l]\Gn  the  instruction  was  completed,  stu- 
dents were  given  access  to  the  lab  during  their  free  time.     ffigh  school 
students  with  experience  in  computer  fu^ogramming  assisted  in  the  lab. 

As  a  result  of  this  program,    all  229  seventh-grade  students  wore 
given  at  least  a  twc-week  unit  of  comouter  mathematics  with  a  minimum  of 
three  davs  of  hand- on  experience.     A  survey  of   ihe  students  indicated  that 
227  of  the  229  enjoyed  their  experiences  and  wished  to  continue  such  a 
procjram  in  the  eight  grade.     One  hundred  and  two  students  continued  using 
the  computer  on  their  own  time  for  both  teacher-assigned  oroblems  and 
problems  of  their  own  choosing. 

Some  of  the  problems  encountered  included  supervising  thirty  youncT-- 
stcrs   (with  almost  zero  typing  ahilitv)   trying  to  use  four  teletypes, 
preparing  the  teachers  to  teach  the  three-week  units,  and  in  coming  up 
with  meaningful  problems  that  wore  caoable  of  solution  on  the  computer. 

Rod  Kohler 
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Ainu  r-  •  I  ,   S;h:  1 

Compiit-  r  ^cic!K-c:  A  C^)rcciUiKU  ]'r;niK'Kork  i^or  rurriculuiu  rinnnii' 
Comiiuui  1  ca  t  I  oTf  oT fliA'  Ar:^];  Vol  V  1  4 ; H" un  c  T!V7rT7  ]T|>:  TDT -]T>'[^  

T\so  vicvs  of  coir.nilcr  science  aro  cons  i  lU  red  *     :\  ;;.lobal 
vicv;  :uul  i-    local   vio\",     Tl.o  glolKil   view  ;Utoiiipts   lo  ca;nurc 
^road         rac  (  cr  i  St  i  cs  of  t  lie   field  and   its  r  e  1  at  i  oush  i  to 
o\]  rr   fields.     TI'c   local   vicK   is  coMCerned  w  i  1  i\  xhr   inner  s  1  nu'  • 
tvir(\s  of  the  fie^d:     the  I'inds  of  K  eov;  1  cdj^e  .   nro()]cins,   and  act- 
ivities thiat  exists  witbi'^   the  discipliiu^. 

L'h^l.  (^^omnuter  scicMU'e  is  concerned  w  i  t  li   inforjDat  ion 

IM'oeesses  anTI  ti\e  class.es  of  i)roineiiis  that     ive  rise  to  thcMii. 
It    Is   therefore  also  concerned.  \:it'    '^v^      ^'<' ^  v.vMhods   for  so^vir:.\ 
problems  vvi-h   * 'M'  h.eln  of   information  process  inp  i^aeliines. 

A<etiv:(y   in  coi^>putC!'  science  sfums   to  tafe  tv.'o  torms.     (hie  i 
c (Mice  i^ned  v;  i  t  h  s  \\s  t ein  -^>li2t2res  i  s  ,   exp  1  o  v:\  t  i  o ,   and   i  nno va  t  i  on  : 
arul   the  oth(M'  o  r  i  eiU  ed         aiunlYs  i  s  ,   search   for   fundamental  prin- 
i  n  1  e  s     a  nd   f  o  rnu  1  a  t  ion  o  f  "''tlfe'o f  1  e s  . 

'l"he   [  cjja.  1_  \M  e\^' :     Th.e   f  o  nuia  1 1  i  o:^  of  a   solution  or  an  alitor)  thri 
is  orpiMiaary  concern  in  computer  science,     Tlu-   larii^uape  us^e  1 
ro   f   rjiui  1  a  t  e  tl^o  al.eoritlu^i  to  1)0  proccss.d  by  a  computer   is  also 

0  f  ma ] or  concern . 

It    i:    of   iaiei'est    in  L'onipvtcv  .scicfu'e   (o    ;  1  a  ^- s  i  f  ^'  a  j^n  1  i  ca  t  i  oie; 
'iot   h)   discipliiu\   \m-    hy   th,e  kiiuU  of  ni^^hlen^  solving  methods, 

1  To  rma  t  i  o  [i  s  t  rue  t  ures  ,   and  p  rocedur  es   t  ha  t   a  re  cha  rac  t  er  J  s  t  i  c 
of  1 1      p  rol^>  1  eras  . 

^hie  Mii[)(M' t  a  n.  t  objective  of  coiiiputer  science  is  to  d(n^(^lop  models 
andt  I'i-ories  of  compulation  that  are  resj^onsive  to  the  maior  tie- 
s  f  \\:\   nrol^  I  c  :iv>    i  n  t  lie  field, 

■:M:;er  conccrii>  are   i  ]i   tlie  iivc:i<.  a  i'  machine^    level    laniiuaj^es,   ma - 
<:\\\]\v  or  v^^aii  i  ::a  t  i  on  ,   and   theory  of   formal    lanipj^ipcs.  Results 
ef  the   latter    field  are  relevant    to  tlie  desip^n  of  hijih.  level 
1  a  a  v;ua  j^^es  ,   t  ra  ns  i  a  to  r  s  ,  a  ad  pr  ogramm  i  ng  r.icchan  isms  , 

Implications  on  curriculum  plana  in.     are   that   there  seem 
to  he   t^-e  broad  areas  of  acti^ity:      fll   activities  with  pro- 
blem<,   fnethovl  of  solution,   aiu!  ]^ro<!  I'amm  i  n  g ;   and   (?)  activities 
V.  it:i    l^mguaees,   scl^^mes  of  orocessing,   and  design  principles. 
I'iidei'graduat  e  study  sluuild  pro\'ide  a  I^i'oad  understanding  of 
t^ie  two  a^)ove  areas  and  provide  the  skills  needed  to  hold  a 
p!-o  f  e  ■«  s  iorua  1   TH)sition   in   the  fielcL 


Roller  t   Lay  ton 
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Aust^imj,   R.  ![.  /  i;nqIo,  r; .  I.. 

A_^\5mnuLor  Sci<"^tu:<'  c'ourso  Proqram  for  Snail  col  log o^'^ 
r()iuinunic;at lOMS  of   the  ACM     Vol.    ]G  Mo.  3 
iWjos   no- 1^17 

This  rojx-^r  l    is  autliori^nrl  hy  t]\o.  ACM  Subcoinmi tt  oo  o]\  Small  r'oileqo 
Proqrams  of  the  Ccuiuaittco  on  Curriculum  in  computer  Science.     It.  qives 
recor.iinerKlat ions  of  the  content.;    implementation;   and  operation  of  a  com- 
putet science  procjrari  for  small  collcqcs. 

Four  basic  courseii  are  described;  rouqhly  correspondinq  to  the  areas 
of  algorithms  and  programjning   (Course  1);   applications  of  computers, 

(Course  2)  ,  machine  and  system  organii^ation  (Course  3)  ,  and  file  and  data 
organization  (Course  4).  The  first  course  introduces  the  student  to  com- 
puter scionco  and  is  a  proroqulsite  for  each  of  the  other  courses.  T}ic 

latter  need  not  bo  sequential. 

Implementation  of  the  program  requires  student  accr^ss  to  a  computfM- 
v/it}\  at  least  one  higher- level   f>ror)ramminq   language  for  student  use.  rr>«;t 
can  be  justified  only  if  computing  services  are  used  on  a  campus~wi<le 
is.     ffen'.:o,   development  of  a  corrjnunity  of  comr)uter  science  users  on  r.'cimpif:;; 
as  well  as  an  excellent  implementation  of  Course  1;    is  necessary.  MinimcU 
staff  would  be  at  least  one  full-time  instructor,  offering  <:ourses   1   anci  / 
each  semester?   ar;d    3  and  4  etich  year.     If  possible,   tiie  schc^ol  should 
hire  a  computer  scientist  to  implement  i.ho  program;    if  not,  give  a  taculty 
m,eril:^er  a  year's   leave  to  gain  experience  v;orkin(j  in  a  completer  science  de- 
partment.    Sc:ime  expansion  of  supplementary  facilities,  notalUy  library 
holdinqs,  should  be  provided. 

i)peration  of  the  program  is  covered  in  detailed  course  descriptions 
v/hich  include: 

Introduction:     CMtcomos,  emphasis,  what  is   included  and  not  includoci, 
o r ga n  1  /. a t i on ,  and  s  t r u c  t u r (i . 
c ; .  i  t .'I  loci  uo. s  c  r  1  p  i o n . 

'.Kitline:     Mam  topics;   %  of  cl<\ss  time  for  each. 
Texts  . 

f^-ief  recommendations  for  additional  work  are  given,    fol  lov;ed  i)y  an 
item  library  list. 

Sister  Clare  Maclssac 
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Ill  .K.n 


1  ,   I  rudor  ick  II. 
I;U  I  111  i  ii  i;'.  a   (!oiK'     t  ua  1   (^oiiipii  t  c  r 

t  hciiia  t  i  cs    iVac  [icr,  vlo/ii  iTCJanua  ry   \[)':  2)   ]^v:^7  -  60 

Prr.v  id  ing  students  with  an   introduction  the  the  rarudly 
expand  i  nj:  f  i  0 1  d  of  comjuitor  scicMiee  can  he  somewhat  of  a  nro- 
i^leni  (ov  the  nin  iorifN'  of  t  cachcM's  \vho  do  not  have  easy  access 
to  a  coiuf^utcr   faeility.     The  siuninn^'^Iy   in^ierent  fascination 
t  )m  t   coi'iputrM's  hold   for  many  children  can  he  sul'jvcrted   if  a 
teac!ierVs   first    lesson  aljout   computei's  does  not    i^rovide  projuT 
motivation   for  students.     Length)'  discussions  of  history,  hi- 
n;iry  aritiunotic,  hardware,  and  programming  cai\  best  be  present 
ed  after  the  stage  lias  been  set  hy  an   initial   informative  and 
i?iot  i  va  t  i  ona  1    lessoi^  ivrovidiaii  opportunity  for  student  partici- 
I;at  ion  . 

The   following   format   for  ihc   first   lesson  about  coniputcM's 
bias  hecri  tested  success  fu  1  1  >'  witJj   fourth  graders,    iuivior  and 
senior  high  school   students,  college  students,  and  teachers. 
1  ii  tl;i:;  a|M)roach,   students  are  ])ernutted  to  act  out   the  func- 
tions of  the  computer  coinponents   in  a  situation  designed  to 
conceiUnal  i  ::e  a  computer.      In  tlie  construction  of  our  concep- 
tual  coiMfiuter,    tJie  teacher,  called   the  BOSS,  will   function  as 
the  control   unit.     A  student,   called   the  ADOhl^,  will  be  select 
ed  to  perforiii  the  arithmetic    *uties  of  the  accumulator;  a  se- 
cond studont,   tlie  RhAHl'R,  wil     serve  as   tlie   ininit  unit;   and  a 
ti;ird   stutlent,   the  WRITI'R,  will   act   as   the  output  unit.  Two 
avUlilional    students,   a   RUXNMiR  aad  a   K^OKl'R,  are  needed   to  r(-s - 
pectivelv  change  data    in  storage  and  co]^y  data   from  storage, 
^^ur'  storage  unit  will   consist  of  two  sections.     Section   1,  a 
large  sheet  of  poster  paper,  will   contain  the  list  of  instruc- 
tions   (the   f)rogra/n)    that    tlie  coj/ifUiLer  follow   in  solving 
a  specific   prol)lem.     Section  2  of  storage  will   l>e  a  set  of 
■nail   canjUy  l^oxes,   each  one  of  which  will   be  given  an  appro- 
priate name  corresponding  to  the  name  of  the  varial^le  wliose 
current   value  will   be  writtiMi  on  a  card  and  stored   in   the  fiox. 

Alter  assembling  the  coinputer  compcuicnts,   we  n.oed  a  nro- 
'']cm   {cr  the  cornniter  to  solve.      In  selecting  a  problem,    it  is 
prudent    to  choosr^  a   relatively  s  inn^  1  e  exercise   in  arithmetic 
so  tbe  computer  will    not   he  ol^scuretl  i^v   ijitricacies  of  the 
ali',orithm  used   in  solving  the  proI-»lem.     For  motivational  pur- 
:  v)ses    it  rtay  also  he  desirable  to   find  a  ]^rohlem  that    is  ucv- 

ti:o  stu.ients.     Oi]r  prt)l^]em  that  ajniears  to  satisfy  both  of 
\\\v  s  e  c  r  i  t    1'  i  a   i  s   t  lia  t   o  f   f  i  nd  i  r.  g  t  e  r  ms  o  f  t  he  V  i  iu)  n  a  cc  i   s  e  > 
u)ivncc   1  ,  1  ,  J  ,  3  ,  3  ,  iS  ,  1  3  ,  .  .  .  .     Students  should  he  encouraged  to 
..'onstruet   tlie  list  of   i  n  s  t  I'uc  t  i  ons   for  the  computer  to  follow. 

Tlse  cr^nputor   simulated  h\'  peonle  parallels   tlu'  actions  of 
a    real    computei',     Aftei'   students   b.ave  i)een    introduced   to  a  com 
p'Jter    in   this   informal   manner,  a  detailed  descriinion  of  the 
op-erations  of  an  actual  comj^uter  cai;  be  discussed   in  relation 
to   the  concentua]  computer. 

Jon  R.  Lewis 


-kM'n:^      i  ji  ,   Ai  I  llllr 
The  purpose  of  tl^c  traiiniii'.  nrojcci  to  trail  1)1  mo  I 
rcsi\lriu^^.  of  ii.o  Al  hany-SchcnocUuly  i}rci\  on  cor^nut  cm'  nro;',r;ir.- 
i:iir\v'.      I'bc  iM'oJoct   also  arraii5;eti    Tor  Jobs   for  1  ho  t;radunt-s. 
Tiic  course   traineu  th^^  stiuleiits   in  i'(iPTRAN  cn  a  GT/  t  ime  slKn'iti;.^, 
s\'s  torn  . 

Jol's   for  the  students  wore  of  i^riiiuiry  concern   for  t.I.c  v^'o- 
plo   involved  in  Xhv  project.     Mnnaiurs  were   inforrcd  that  the 
ir^iduates  of  the  program  would  r.ot  he  coin!>etent   vM'o^^.ravincM  s  ,  ^at 
^oulrl  ho   i  nd  i  V  i  :!ua  1  s   that   liad  ^lemons  t  ra  t  ^xl  Ivtsic   i  n  t  o  !  1  i  immk' c  , 
-ihility   to   learn,  rnul  ■lisplayed  an   interest  and  p.aitied  so'io 
kiiowledge  of  conitniter  prograinini  lu^^ .     The  intent  was   to  provide 
lator  on-tlu-job  trahving  to  bring  t}\e  ind  i  vi  diuM  '  s  skill   up  to 
tlie   level  of  a  computer  programnier. 

The  only  entrance  requirenr^nl    Cor  lie  pr(\ject   uas  that  the 
student   must  le  black.     No   testing  was  perfor^iod,   init   select  io^- 
was  based  on  hipj^  sclu)ol   records    if  availal^le.     The  ages  of 
the  students   ranged    from  20-3^.     Most  of  th>'»   students  liad  noor 
mathemat  ics  hackgrouads. 

Tile  class  net   two  evenings  per  weel>   for  approx  i  mn  t  e  1  y 
en  montiis.     i)nv  fn'cning  was  devoted  to  two  hours  of   lectui'e  arid 
tlic  other  evening  consisted  of  open-eiuled   tutoring.  Hoiiv^wnrV 
vvMs  assigned  eacl^  week,     Cornpl  icatcM.l  arMhmetic  expressions, 
doul^le  precision,  and  trigometric   functions  wove  omitted  due 
to   tiie  students'    ]^eor  matli  background.      I/O  and   format  state- 
nc'iits  were   left   to  the  end  of  tlie  course, 

Tl^e  major  i^roblein   in  the  class  ;\'as  going   from  the  state- 
ment  of  the  problem   to  an  algorithm  for   its   solution.     '["he  stu- 
dents also  iiad  problems  using   flov;  charts,     ^^^-ou^   20t  of  tho 
''nt  or  ing  students  di'opjTed  witinr,  a   fov  classes   and  anoth.er  2^'' 
left  during  the  rest  of  the  course.     All    18  grad\)atcs  u'ore  of* 
fered   Jobs.     Six  of  these  students,  became  nroductive  progran 
mors.     '['here  was  no  correlation  hetwee:.     i  gli  school  performapcc 
ai\c  performan.ee   in  the  training  program* 


I^ohe  rt   I  riyt  on 
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Crow  !  oy  ,   Tliojiias  i[, 

APPM  CAT  IONS  or  COMPimvRS 

(^K!n:!lSTANT)  1  NCr'TOM^P^^^^  Chap  t  o  )^   11,  Mc {)rin<  Hill,   pp  .    1  {)  1  - 1  1  1 

Tills  booK  was  owe  of  the  very  first  ''corunitor  appreciation 
nooks.  It  is  availat)le  in  i^aprrlvack  form  at  a  rcasonal)lc  inMco 
A  suiuinary  of  ci  tyi^cal  cliapter   foil  ow^s. 

ff  wc   look  at   tiic  nur]U)scs  of  a  computer,  we  can  classify 
tlic  applications  of  co  input  or  s   into  three  rather  larpe  basic 
ca  I CJ40 1'  i  (\s  .     TJuvs  e  ca  t  ej^or  i  es  a  ro  : 

(  1  )     To  ii'd  \  n  ecopiOiny ; 

12)     To  make  the  job  feasible  at  ail  aiul; 
(3)     To  acliieve   insight   into  some  ]irocess. 

^'ov  any  [>ractica]  use  of  a  coinputer  to  be  possible,  at  least  on 
of  these  objectives  must  exist. 

k'or  example,  comjniters  arc  cajuiblv  of  storing   large  cjuai\- 
rilies  of   information  and  retrieving;   it   rather  rapiAlly  hy  usi?\{> 
lEiayjietic   taj)e  or  disc   storage.      fhus  a  company  can  save  inan)* 
Joliars  by  committing  payroll  data   (or  sales  reports,  inventory 
lulling   information,  parts  lists)   to  "memory".     However,    if  it 
rr(|tiires  more  u'ork  to  iput  this    information  into  a   form  accept- 
able to   thf.^  computer  tlian  to  do  the  orifunal  computation,  tj\e 
<W\tective  of  ecoi;om>'   is  lost. 

Con!putei\s  are  used   m  wcatbc^r   forecasting;.     Si /ice   it  is 
P'assible  to  eio  a    1  ai':.;e  number  of  complex  caJcuIations  very  ra- 
il i  d  I  \   ami  with  very  tiigh  accuracy,  we  now  hiwc  reports,  usii^^; 
data  relayed   from  all   cncr  the  w^orld,   ready  within  minutes  of 

>ur  data   gatlierin,^.      fberci'ore  we  now  'nave   information  avail - 
:\hlv    in   time  to  use   it --not   for  records  and  statistical  purpos- 
es only.     Tluis   the  coi,^]niter  ma)^  make  a   Job   feasible  because 
of   its   speed  and  rclirn^ility  of  svml)ol   processing.     Tins   is  an 
examp'lc-  of  a  I'cal-timc  ap[)  I  i  ca  t  i  on  .     Otlicrs  arc:  controlling 

'rodiiction  lin'.s   in  r>  \  l  refining,  cement  manufacturing,  elcc- 
t  run  ic  ]>ar  t  s  manufact  ur  \  ng  and  bank  ing  appl  ica  tions  . 

Simulations  are  used   to  ga.  in   ir.sight    ir.to  a  giveii  i^^ocess 
or  "ocdiavior  of  some  model.     A'e  car^,    for  example,   simulate  a 
'-^iven  i^usiij-rss  over  a   given  period  of  time  and  thus  predict  out 
c<u]ics  ba,;.d  on  many  different  management  policies.     War  "games^^ 
can  }>c  [)Iayed.     New  maciiincs  or  neu  processes  can  be  '\simulated 
k)efv)re  being  put    into  product  vori. 

ii^us,  as  co:;iputers  iK^come  faster  arai  clieanor,  only  our  im- 
'I i  na  I  i  o  n   limits   t  he  i  r  use  . 


Cera  Id  Larer 


Diikstra,  C.  W. 

'  r*h  o_  Uu  m}  vl  o  P  r  o  g  r  a  ram  o  i: 

Conunuiucations  of  t\\c  ACM,   Vol.    1^,   No.    10   (October  1972) 
Pacjcs  B59-86G 

C.  W.  Diikstra  was  selected  as  the  1972  winner  of  the  ^irinq  award, 
qivon  for  outstanding  contr ibvitions  to  the  field  of  computer  science. 
The  Hum}:>le  Prcqrarrunor  is  the  ACM  7'urinq  lecture  qivon  l>y  Diikstra.  It 
is  well  written  and  \/cxy  thought  provoking. 

Dijkstra  traces  the  history  of  computers   from  a  computer  programmer 
point  of  view,   and  his  own  involvement  in  this  history.     lie  notes  that  in 
the  early  days  people  tended  to  characterize  programmers  as  being  "puz- 
zle-minded and  very  fond  of  clever  tricks",  and  felt  that  programming  wa:; 
nothing  more  than  optimizing  the  efficiency  of  the  computational  process. 

Second  generation  computers  wore  much  more  capable,   and  the  needed 
level  of  software  we <  much  higher.     Operating  systems  and  compilers  were 
good  chailanges  to  the  computer  programmer. 

Dijkstra  continues  by  rocounting  his  feelings  about  the  introduction 
of  the  third  generation  machines   (IBM  360  series).    "Then,   in  the  mid  six- 
ties something  terrible  happened:   tho.  computers  of  the  so-called  tliird 
generation  made  their  appearance "But  the  design  oml->odied  such  serious 
flaws     that  I   felt  tfiat  with  a  single  stroke  the  progress  of  computer 
science  had  been  retarded  by  at  least  ten  years;    it  was  then  that  T  had 
the  blackest  week  in  the  whole  of  my  professional  life." 

lUnkstra  then  goes  on  to  discuss  what  is  right  and  wronq  about  tho 
current  state  of  computer  science.    In  [:)articular  he  is  critical  of  huge 
languages  like  Pb/I,  and  is  very  supportive  of  "structured"  programming 
languages.     Many  of  his  ideas  are  summarised  bv :     "The  sooner  we  can 
forget  that  FORTRAN  ever  existed,   the  better,    for  as  a  vehicle  of 
thought  it  is  no  longer  adequate:   it  wastes  our    brainpow^er,   and  it  is  too 
risky  and  therefore  too  expensive  to  use." 

David  Moursund 
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; '  >  )'.n\.i::jni       a  (Ml      I  a  tor 

1    t  ro;lucLion  to  Computer's  and  Computor  ncionct),  rhaot(>r  6 
i'^uyd  and  Fraso.r  P\u>lisbinq  Comuanyi  l')V- 

i^roijiTiinmal^le  o loctroriic  calculaLors  are  cOiistructod  liko  diqital  c:r)m- 
piuers.     niey  rival  diqital  computers  for  solvii\q  mathcraatical  problems 
witli  Jiinall  amounts  of  input  fiafca.     Many  liave  soma  of  tho  features  of  a 
cojnputor  such  as  program  storage ,   rcgistorB;   floating  point  and  fixed  poirit 
nu«5\}>ers  and  :»rithmetic,   loqarithm.ic  and  exponential  functions. 

The  lino  between  a  mini-computer  and  a  programmable  electronic  calcu- 
lator in  not  clear  as  many  calculators  have  attachments  similar  to  a  raiui- 
computer,   such  as  a  line  printer. 

The  electronic  calculator  has  the  advantage  of  being  portable  and 
Iow-i;r i ced ,   and  operates  with  reasonable  speed. 

I'ronramminq  a  calculator  is  sornowhat  similar  to  working  with  a  comi>n- 
ter,  .  You  usually  need  to  flowchart  ^  an  algorithm  to  proqran^  a  calculator, 
lust  as  you  do  for  a  computer.  Programming  a  calcnilator  is  much  more  di  f ~ 
frcult  th<\n  a  computer,  because  of  tho  mathematical  nature  of  the  program- 
ming languc'igo. 

Another  disadvantage  of  tJ\e  electronic  calculator  is  that  the  oper- 
ator iMust  enter  all  the  data  into  the  calculator  by  hand. 

vTolm  Stedman 
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Dorf,   lUchard  c\ 

A  H  j  g^tory  ot  compu  t.er.s 

Introduction  to  Comp\iterr.  ami  ComjnU.i^r  lirionc^^,  ('^nxptor  2 
Bavd  arid  Praser  Publl:;hinq  Ccyniianv  r  1 

Apparently  man  has  always  iiocded  to  process  data  and  to  calcvilato,  cinci 
has  invented  various  machines  to  help  him.     One  early  example,  called 
Hero's  odometer,  adaoted  q^^ars  and  wheels  to  count  rotations.     Another,  tiio 
abacus,  vs^as  used  as  early  as  1000  BC.     Stonelien';;c,  an  ancient  Britii^h  ston^ 
monument,  illustrates    a    different  typo  of  caluclating  device,  possibly  an 
Astronomical  observatory  used  to  predict  seasonal  chanqos.  Still  anotlier 
was  the  auipi; ,  or  knotted  cord,   the  basis  of  an  elabox-ato  information  sys- 
tem developed  by  tiie  ruling  Incas  in  tlie  loruvian  Andes,  some  500  years 
aqo. 

Comjnq      >  more  modern  times,  we  can  name  some  of  Iho  men  whose  ideas 
and  inventions  arc  landmarks  in  the  lustory  of  calculators  and  computers. 
Toward  tVie  end  of  the  IGth  century,  John  Ncfuor  developed  loqarithms  and 
"Napier's  bones",   a  simple  device  for  muitif^lication.     others  used  his 
loqarithm  principle  to  develop  the  modern  slide  rule. 

In  the  17th  century,  Blaise  Pascal   invented  the  numerical  addiiy-i 
machine  and  n,  Wilholm  Von  I.oibniz  made   improvements  still  used   in  some  of 
today's  calculators.     Hy  the  IBth  centui-y,  oroqress  in  the  clock-making 
industry  and  advances  in  metal-working  led  to  qreater  mechanical  precision. 
i:arly  in  the  20th  century,  mechanical  calculators  had  become  important 
tools  in  science  and  commerce. 

One  who  contributed  qreatly  to  this  development  was  Charles  F^ahbaqe. 
By  1B23,  ho  liad  evolved  several  basic  concefJts  of  his  "difference  enqine'\ 
designed  to  calculate  with  n\im,bet^,   store  information,  select  different 
ways  of  solving  problems,   and  deliver  printed  solutions.     His  machine  would 
have  proceeded  automatically  once  the  instructions  were   fed  into  it  bv 
the  ooerator.     Ha):)baqe  spent  most  of  hi:*  life  dealing  unsuccessfully  with 
enqineerinq  difficulties  which  prevented  tht    realization  of  his  dream: 
liis  machine  was  never  built. 

iMeamvhile,  however,  other  development. s  v;ere  paving  the  v;ay  for  a  later 
realization  of  all  he  had  envisioned.     In  the  early  19th  centUi-y  Joseph 
Jacquard  developed  a  system  of  puncher'  cards  for  automatically  directing 
the  intricate  process  of  weaving.     In  1890,  Ilerrr.an  Hollerith  adapted  the 
punched  card  system  to  the  soecial  needs  nf  census- taking .     He  also  used 
electrical  sensing  and  drivinq  equipment. 

'me  first  modern  digital  computer,  Mark  I,  developed  by  Howard  Aiken 
and  his  associates,  was  presented  to  Harvard  in     1944.     Instructions  and 
data  were  fed  into  it  by  punched  paper  tape.     Its  components  were  electric, 
electronic  and  mechanical.     The  first  electronic  digital  computer  was 
built  by  J.  P.  Kckert  and  J.        Mauchly  at  the  University  of  Pennsylvania 
in  1046.     '\nalocT  com.putuis  wore  also  developed  al;out  this  time.  These 
early  computers  were  all  designed  to  solve  military  problems.     Not  until 
1954  with  Univac  I  were  compiiLers  commiorciaiiy  available. 


In  one  sense,   the  modern  electronic  computer  is  a  result  of  the 
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ovolution  of-  oa?-lifn-  calculation  machine:',  under  l\\c  influonco  of  the  now 
Itu'huoloqy  in  radu),   ra(!ar,   nnd  tclei)lirine  t:  raruimi  ss  i<Mir, .     BuL  techncrlqoy 
aloao  waii  not  cinoiKjh .     MocitTn  compul(n>;  usually  (mIcuI  ate  in  hinan/ 
arithmotic,   u'ainq  a  loyica)   syatotn  invontod  by  Gnorgn  Hoolo  in  tho  FJtl\ 
contui7.     Further,  vTohn  Von  Noumanni   in  the  jnid-^lO's,  domonsl  rated  )iow 
t>inary  locjic  and  arithmetic  could  work  toqethor  in  stor(^d  oroqramr, .  in 
ccmil)ination ,  all  of  these  developments  have  made  possible  our  modern  dat  a 
processing  and  coinputiny  facilities. 

Sister  Clare  Mavjls^.ac 


Fdwards ,  Jud  i  th  L, 

Computers  a  beginning 

DCK  Book  developed  under  a  NSF  grant 
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Since  virtually  everyone  is  affected  by  coinputerii  in  one  way  or  anetdicr, 
everyone  should  understand  their  operation,  capabilities,  and  liniitations. 
We  must  find  ways  to  bridge  the  "comp  region  s  L  on  gap**  that  society  has  in  t)ie 
area  of  compu ter i z  ti on ,     The  text  is  part  of  a  program  of  instruction 
designed  to  place  concise,  basic,  easily  digesfable  information  about  com- 
putcLS  into  the  hands  of  the  person  best  qualified  to  disseminate  it--tlv^ 
personnel  of  our  [jublic  schools. 

We  need   to  examine  the  five  basic  functional  units  of  a  computer  sy stein 
and  look  at  the  or^;ani za t i on  of   the  Central  EProcess ing  Linit.     This  should 
be  done  in  very  basic  terms.     Such  topics  as  the  different  kinds  of  compu- 
ters,  the  history  of  their  development,  and  the  binary  number  system  should 
b(  discussed. 

Vgl^at  kinds  of  problems  are  best  suited  for  computer  solution  and  how 
do  they  solve  them?    We  need  to  look  closely  at  the  answer  to  this  question 
and  compare  it   to  the  different  ways  man  solves  problems.     There  are  several 
important  steps  needed  to  prepare  a  problem  for  computer  solution.  Of 
these  steps,    the  process  of  developing  an  algorithm  and  constructing  a  flow 
chart  should  be  examined  in  detail. 

How  does  man  communicate  with  a  computer?     The  text  does  not  include 
any  hi ^h  Level   language  programnung  but  does   take  a  brief  look  at  different 
types  ol   languages  and  includes  a  discussion  of  machine,  compiler,  and 
assembly  language. 

How  is   the  computer  used  in  education?     It  can  be  used  to  aid  the 
administrator,    the  teaclier,    the  student  or  the  librarian.  Administrative 
ipplicatlons   Include  such  areas  as  accounting,   scheduling,  and  student  rec- 
ords.    Instructional  uses   Include  computer  managed  instruction,  computer 
assisted  instruction,   student  problem  solving,  computer  science  classes, 
and  simulations  of  real  life  situations.     Other  areas  of  application  include 
the  automated  library  and  automated  counselling  systems. 

Of  coursL    tlierc  needs   to  be  some  discussion  on  the  social  and  cultural 
implications  of  the  computer. 


Robert  Thomas 
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F rant  a,  W,  P. 

Mat  Iiomat  ics  YcacliVr,  v(-U  nS,  (Ma)-    \[):  1)     ]M)4f)9-.l  14 

StudcMits  iioK  to  coimMitor  iM'ot;  I'aniin  i  ji^^'  often  \vrit<^  co3nput(M" 
proi:.rains   that    fail   to  j^crfonn  as  c^xpc^c  t  (mI  .     SrcVinii  to  correct 
the  resulti/]i:  do  f  i  c  i  one  i  es  ,    the  stmlont  often   lools   in  vain  for 
an  (M^rnr   in   b>jM.       ulien.   the   true  cause  of  tlie  troiilOe  v\i\y  f^e 
faiilure  to  consicter  tlie  nature  of  computer  arithmetic.       It  is 
tlic  purpose  of  this  paper  to  point   ovt   the  characteristics  of 
computer  aritfunetic   that  may,    if  not   considered  when  writing  a 
computer  program,  cause  certain  i^rot^ramm  i  n  p  stntemeiUs  to  per- 
form  in  a  manner  not  intended. 

fo  understand  arithmetic  as  done  hy  a  computer,  we  must 
first    know  something  about   the  way  lunnl^ers  are  stoi^ed   in  a  com- 
puter.    Most  computers  store  numbers   i  Pi  a   format   known  as 
"floating  point/'  whici:   is  much  like*  thai  of  sei(Mitlfic  notation 
Iv'e  can  easily  see  that    oiily  a   finite^  set  of  numl^ers  can  he  rc^- 
presoiUed  by  tiie  f  1  oa  t  i  ng  mto  i  lU    format.     l-rom  anotlKM'  ]n^int  of 
vie\;,   \;e  may  sa)'  tliat   to  store   in  t  htO  computer  a  numl)er  not 
liaving  a    floating-point   rei)rese]i  ta  t  i  on  ^   {hv  number  rnist  be 
rouruled  off  to  t!ie  value  of  t!u^  nearest   lunnbcr  that  i^issesst^s 
a   floating-point   re  p.  rc^  s  en  t  a  t  i      ,     Thus  each  float  iiig-jMiinl   iunn - 
b/er  ^iiust   reiuxvsent  all    the  real    nuiabcM*s    in  some  inter^^al. 

The    limitations  of  cominitor  ai'itlimetic  as  dis^;uss(Ml  can 
c^asil)'  cause  computer  programs   to  oT'oduce  strange  and  often 
seemingly    imjH^ssibie  result-^   if   the   effects  of  tliese  limita- 
tions ai'e  not   kept    in  mind. 

tin  f  o  r 'i  LUia  t  e  1  y  ,   aai  attempt   to  organir.e  the  calculations  nf 
a   nrogram  to  minim;:.e   tlio  propagation  of  round-r)ff  ei'ror   is  no 
guarantee   tbtat  we  hav^e  a  comnu  t  a  t  i  o  na  1  1  n'  soiuid  ni^ov.ram.  >'(niy 
;i  I  lu)  r  i  t  hius  are  sensitive  t(^   tlie  aj-jprox  i  mn  t  i  ons  of  num))ers  uscnl 
in   the  computer  and  are   ^uis  uijsu  i  t  al)  1      for  romputor  u^e, 

UT^en   r(M(TRA\  programming  was   taught   to  college  fresliman 
over   the  past    tiiree  \'ears,    it  was  noticied  that   students  easii}^ 
fall    prc\-   to  ]i  i  t  f  a  1  1  s  of  the  typ:    descri!ied  aln-n'c  .     Sine  t!ie 
nature  of  tlie  pitfalls    is  a.    function  of  tlie  arithmetic  as  done 
by  tiie  com]nJtcr  and   is    independent   of  the  ]')rogramm  ing  language 
used,    it    is   to  ho  hoiKul  that  slightly  more  emjMiasis  by  mathe- 
matics   instructors  on  the  al)0ve  considerations  would  i;ee]')  many 
students   from   falliaig  ])re\'   to  the  pitfalls  mentioned. 

.Ton  R .   new  i  s 
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purpose  of  ^lu?  paper   is  t:o  prosfnl:  a  practical  orgajuzation  to 
:'a''-'^  it  ol:;i^r  t.o  l.nitiato  i  r;tcrd  Isci  ol  L  !iary  counscs  oa  thi^  in^pact  of 
':r^\-V'}tor^'  on  i;oci.of.v'»      -lio  mam  objoctivoH  of  sucli      course  aro  t:o  oducato 
corunitor  scioni  istn  oa  tau*  prt^Munt  and  future  impact  of  cornpulGrf;  on 
aocvHy,     The  course  is  coacorned  v;it:h  othical  quo^tions  and  give3  a  })uman- 
iiU"ic  nc5rsjxH:t  1  ve  on  the  uso  anri  !:Ui;ir;o  of  computnr?;. 

a  course  of  thii^  typo   it  is  suqv^osted  that  tho  fir^st  few  lectures 
provide  cxw  ovT!rvif'W  of  t  lu.^  pro:;ont  fitato  <jf  technoloyy.     This  overview 
nl-|ht   include-  tju?  rollov/jrij  areas:     1)    hoi ecoru^un  1  cations ;   2)  manufacture 
'^>f  iAv^ap   larc^c  storaje;    3)   tVie  ip'ov;Ui  of  computer  utilities;   and  4)  the 
:>roU  fer.it:.on  of  inexpenj^ive       ni  computers .     i^he  rest  of  the  course  should 
proceod   from  the  ck?vices  to   iinn  1  ications  of  the  technology.     Tl^e  moral  and 
ethical    i  mo]  Lcations  are  left  until   the  end  of  the  course.     'Itic  areas 
:Jtudied,   relative  to  the  impact  computers  have  on  tl^em,  are:   1)  political, 
2)   ecotiomic,    3)   cultural,   1)    social,  and  5)  moral. 

A  coursf^  format  is  tu-ooosed  v;hic]i   includes  both  lectures  and  discus- 
sion set;tions.     Guest  lecturers  arc  oncouraqed.     Studnnts  should  he  chal- 
icn-rcii  t^j  road,   think,   and  to  exploro  sen'vLtive  issuos.     Surveys,  papers, 
and  fonnal,  deiAites  day  he  assigned.      It   is  suqqested  that  humarvi tios  and 
social  srMence  majors   (wit>i  apprc^f  >j' i  a  to  computer  backgrounds)   bo  nixed 
with  c:oim)ater  Science  najors.     ]-:xperionco  f)oints  to  tho  need  for  a  full- 
tl'^dqe  !   "orcfiit"  coinse. 

VhK*  conr^\'r-  is  dv>si<;n'Hi  to  brine  the  t.ersptj^t  i  ves  of  the  i;ciences, 
^o;La!   ^iiPen:^^s,  and  the  ;u:;nanitics  to  cvjnsidor  the  quostion  of  the  imnact 
'  O'  coripvit  »«rs  ov\  socir^ty. 

Rol^ert  bay  ton 
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This  articlo  is  an  effort  to  ap[)]v  a  com[;rohens  ivo  sot  of  ralos  for 
literary  y'vlo,  proposed  by  I'rofossor  William  Strunk  of  Cornell  (Inivnr- 
^nty  in  1910,  to  coniputor  f>roqrariia  i  .  Thoro  aro  many  s  i  mi  hiri  tio.s  b^- 
tv;o  on  t:!io  writinq  of  cjood  ju'o.so  and  [hf}  writinq  of  qood  |)rc^<|rains ,  lujt  h 
havo  r\Uor»  of  spellinq  and  sontoncc  formation.  v^^rialUoM  corror^pond  l.o 
iiounr*,  operators  to  vnrbs,  cxpro^^rnonr.  roKcnril)lo  phrasos ,  and  statements; 
rosom}>lo  .sontonco.s , 

Proqt'amners  seldom  share  a  conuiion  baokqround  boca'jnn  of  variations  in 
comj)ilers,  opoiatinq  systems,   hardware,   and  i^roqrainminq  environments. 
!:ac}i  proqrammer  must  decide  which  rules  will  produce  results  and  as  in 
p^rose  Ihn  best  effect  som.etimos  results   from  deliberate  violations  of 
rules.     A  qood  proqram  is  one  which  produces  results:  beyond  this,  some 
may  bo  fastc/,   require  less  storaqe,  be  more  accurate,  or  structured  to 
facilitate  modificatic   .     In  addition  proqrams  should,  as  much  as  possi- 
1^1  e,  be  compiler  independent. 

Professor  Strunk's  r\iloSr   and  their  applications  to  prograinininq : 

'*^5:t^")LJ^^'^'^.^'^.  '\  suital:>Ie^  ^^-'^A^^l'^ *  Avoid  the  temptation  to  begin  proqram- 
minq  spqments  before  planning  the  whole  prociram.     Programs  should  be 
modular,    loqical  and  meaningful  so  l:hat  debuqqinq  is  easy. 

F^e  clear.     You  aro  nc?t  likely  to         the  only  person  to  road  your 
proqram;   and     .x  months  later  even  you  will  have  forgotten  what  you've 
done.     Insert  comments,   choose  meaningful   vnrialjle  names  and  subprogram 
names.     Provide  good  documentation. 

^^^^^^  re-write.     Progr^uns  can  usually  bo  improved  and  usually 
are  not  modular.     Therefore  revisions  should  be  considered- 

Do  not  take  shortcuts  at  the  ^'^xp^^^nse^of  c  1  atvit^^ .  They  usually  lead 
to  trouble  and  seldom  pay  off.  If  you  must  shortcut,  document  your  in- 
tent carefully . 

Oiit  needless  words.  Make  every  statement  count.  Don't  use  unneces- 
sary computations  or  unnecessary  statements. 

Prefer  the  standard  to  the  ofO:^eat.  Avoid  the  great  temptation  to  he 
c u t e  and  clever. 

Do  not  use  dialect.     Try  to  avoid  the  niceties  of  a  particular  com- 
piler,    ff  the  proqram  becomes  compiler-dependent,    transfer  to  another 
system  is  difficult.      I  ry  to  stick  with  ANSI  standards  where  th.ey  exist. 

no  not  overwi  i  te .       There  is  a  poii.t  at  which  progrcimminq  effort 
leads  to  diminishinq  returns. 

These  rules  arc  l^osic  to  good  proqrarniing .     Since  taste  and  ^.tyle  are 
subjective  every  writer  must  make  the  final  decision  ciS  to  whether  his 
prt>cjram  is  suital)le  to  his  environment., 

:"rcd^ric  K.  Daniels 
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I 'I  I' i*-iiu;e ,   Dr.   .ijcquos  and  Roth,   VroW         IVn  Ido 
tjumjuit'/r  Science   foi*  IMbor^^'  Arts  c:ol]ctv^ 
W:iea  t  on  Co  ]  I  et;7'     WTiea  t  onV~  ^  TTnbls" 


A  ^or!shoii,   .Fu|\'  1972,  v;as  held   to  discuss  a  cori- 

ntiter  sc  umicc  curriculum  that   would  be  relevant    \'ov  the  lilMM'nl 
arts  colle;,M^.      In  the  ]iast,  ctrrriculuin  nroiu^sals  have  Ixu^ii  do- 
si,iMied   Tor  universities.     The  eiuht   members  oT  the  worksboj) 
teaui  u'ere  iiiainly   froin  siaaller   ]i;)oral  arts  collecjes  Kith  an 
itUerest    in  conputei'  science  curriculum. 

"ThcMC  was  a,i:r(MM!ient   by  thns(^  atten.Jin^i   the  v;orl;slK)n  tliat 
stUvhes   in  coiujMiter  science  definitely  liavc  a   plac(^   if]  a  lib- 
eral  arts  jn'ogram   irrespective  of   the   institution's  attitude 
t owa  rd   voca  t  i  ona  1    p  re]^ara  t  i  on  . 

lUscussion  at    tliC  worksho]^  centered  on   fotir  main  areas: 

1.  The  resources  availa[>le  and  ntx'cssary   for  a  com[)uter 
science  prot^T'ain.     >^ost  coi:n)Utei*s   served  a  comi)iiKitiea  of  aca 
domic  and  administrative   functioi^s,     bud<j,ets  ranjiecl   fi'om  SJI.fHiO 
tt>   $4(1, (Ma(^     The  most   coininon  computer  ajHiearod   to  be   the  IBM 
1130. 

2.  The  (^h' 1  i  v:a  t  i  ons  of  the  comnutcM'  ccuUtm'   to  other  dc^- 
;>art;i]ents  and   to   students  who  !:ecH!   the   I'CMjuisite  hackjtround 
[or  ei;ir  1  o  vniciit  .      A  service  course   should  he  ^^vU  ah  1  i  shc"d  en- 
abline,  per-.ons   i'rom  all   depart  iiien  t  s   to   learn  how  to  mab(^  ef- 
fect ii':*  uso  of   fiiO  confuittM'   in   tiieir  discipline,     Tb.ere  was 
varied  (^i^ini.in  on    thi^  ob  1  i  v'ji  t  i  ons    to  i>i'epare   students   for  em- 
ployment   i  ?]  data   p  roc  (^s  s  i  n  . 

A  computtM'  science  curriculum  was  crc\ated. 

i.     ''he   i  mp  1  emnn  t  a  t  i  (Mi  of  a   com.putfM'  science  curriculum, 
'    y.\ icw       with   a  [M'ot^ram   that   offers  onlv  an   introductory  course 
'!  'd  i''0\'nu\   to  a    fii  1  1  '  i' i  eddied   small    collej-e  iM'o^M'am.      It  was 
■  sierally  ai'reed   tiat  a  sfia  ]  1   coliej^e  would   not   l^e  able  to 
of  fir  a  coiunuter  s>Mence  education  of  a  caliber  ecnuvalent  to 
I  ha  I   (-  r  a   [in  i      r  s  i  t  . 

'  ^:^J:■e   recommendation:;   rej^'esent    Mie  best    thinking  of  tlio 
p-i  r  t  I  c  i  ;  a  II  t     at    the   time  of   tlic  \Nritine,  of  this   report^  but 
these   recoi  iri!  I:  ibi  t  1  ons  ai'e  subject    to  onooini^  <n^aluation  and   re - 
vi.^ina  '^ecausc^  of  new   i  n  f  ^nanat  i  on  ,   (experimentation,   and  dynamic 
cijviPire^^    in  t.he  discipline." 


dav   l)cv  Smith 
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"Is   the  use  of  a  computer  a  j^ocni   i  as  t  r     t  i  nnal   tool?  I'cnv 
caii  ti)e  computers  add  streni^t!)  to  classroom   ins  tract  i  o?i? 
students   learn  more,  or  faster,  wlion  a  com]iuter   is  used?  In 
Wiia  t  siiliject   areas  do  eoin]niters  aid  tl.e  teacher?     Are  scliools 
\n  any  number  usin^^  eoniulers   in  the  classroom?     How  are  Mu' 
compul  e  rs  a  f  ro)*ded?" 

Trad  i    i  ona  1  1  y  ,    tlie  eiluc  a  1  i  cu\a  1   s\'Stein   st,'irtei]   late  C'liat 
is,   l)eliiiul  lu^sines^•',   n;iMtar\',    industr\'  and   science)    in  api)ly 
iUil  coifiputer   f.eehno  1  oi;)' .     And  wlien   fliey  did  bej^iii,    it  was  at' 
the  adiii  r  i  s  t  rat  i  ve   level.     At    this   time,   however,   the  ;L^reatest 
iirowt!\   is   taking  place   in   the  use  of  computers    in  th.e  instrue- 
t  i  ona I   p roc  ess. 

The  experiments   v.hich  ha\'e  1)(hmi  eo'aJiic  I  chI   thus   far  Iiav^.' 
<houai  thai:     "Students  v;  i  t  !i  varxinj;  dei:rL(^s  r  i  f  academic  [vrc^- 
i"icienc\'   invariably  do  bettei*  or.  (*ollei:e  lU^ird  exams  and  Sclio- 
lastic  Aeliievement   Tests  after  lein;^  exposed  to  coiuputers  if] 
the  c  1  as  srocan  .  " 

I'or  exariple,  Project   Local,    founued  l^y   five  Va  s  sa  c  hu  se  1 1 
coiiniunii  t  i  es   with,  hoi;'  from  tht^  Title   fll  h/.S.t^A.,  declares: 
"Over   the  sc!um»1    yeai",   the  group  which  worked  \;ith   the  cominite)' 
improeed  mor«."   tliau  eithcn^  of   the  nth(?r  nt'oua^s   {one  used  flow 
c  !;a  r  t  i  n  i^,  -  -  the  o  t  h,  er   t  ra  d  i  t  i  o  na  1)    in  ipui  or  a  1    scho  last  i  c  and 
reasoning',  a.  !^  i  1  i  t  i  c^s  ,   as  measured  by  s  t  a  rala  rd  i  :;ed   test^.  ...L-s- 
i  ;u.^  the  co^uputer  does  S(^em  to  enhance   l(Mrnin^\,   primarily  bv 
i  T;tr^  ^*ov  i  ni',   tlie   -tudcnt''^  problem  solvinj^^  skills  ami   his  under- 
standir..u  of   the  coiueots  underlying,  problem  solution  ar.d  it 
]*3rovide:.   lis  own  motivmion  force." 

I'ven.  t  r,ou;;h   p.o  t   comi^detel)'  understood   by  res(\archers  in 
liie  area,   experimental  \':ork   iidicates   that   students  are  ahdc^ 
to    UMr;]  m{.u'e    in   les:>   t  i  mc^  \vhen  t!;e  computer  is  jumper  1\'  used 
in   1  l:e  education  proeess. 

Iru:luded   in   tiiis  at^ticle  are:      (' 1 1"' forma  t  i  o^:   for   lists  be- 
lov:  from  surve\'  conducted  hy  American   Inst  i  tut, .^s   for  lU^searc^T) 

1)     C!om])arison  of  test  scores   for  Project  Lc'cal 

L  i  s  t  s   show  i  ng : 

Oom]>u t  er  a ni^  1  i c  a  t  i  on  s   for  adn  i  n  i  s  t  r a  t  i  on  :i  nd   i  ns  t  rue  - 
t  i  ona  I  use 

fLxtcnt   of  Administrative  and   Instructional  Applications 
begree  of  Administrative  and   Instructional   use  among 
comput  e  r  users 


2  ) 

3  ) 
I  ) 
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''v)     Nrituro  and  Purpose  oJ^   Ids  t  rue  1  i  (mki  1  use 

i.^^v'vM  and  Source  of  Support  of  1  i\s  t  rue  t  i  oual  Use 
IMaiis   i'ov  Idilurc  use 


Mo rs in  r u n \ ,  Ch a  r  1  o s  .  I . 

A:*'^"'^'  ^nd  t:ho  iMboral  Kducation 
Kducation  For\im,  Vol.   36,  Movcnil^Gr  197  1 
pages  B5~01 

Infonnation  science  or  computer  science  should  be  a  requ- red  part  of 
tho  curriculum  of  even  tlie  most  humanistically  oriented  liberal  arts  sch- 
ools.    There  are  three  major  reasons  for  such  an  assertion.     First,  many 
people  will  be  (are)  directly  associated  with  a  computer  in  their  piofos- 
sional    life*     This  includes  not  just  the  proqrammer  and  systems  analyst, 
but  the  people  who  tell  prograimaers  and  analysts  what  thoy  want  the  compu- 
ter to  do.     Once,  only  engineers  and  scientists  made  use  of  computers, 
but  more  and  more  disciplines  are  finding  the  computer  useful.  Already, 
accountants,  bankers,   soldiers,   architects,  social  scientists,  public 
servants,  doctors  and  lawyers  are  using  computers;  eventually  all  fields 
will  be  influenced.  Therefore,  everyone  needs  to  know  aV)out  the  applica- 
tion of  computers  in  his  field:   what  is  possible,  what  is  difficult  and 
what  cannot  be  done  {by  a  computer) . 

So  -and;  many  pt^ople  will  i)e   involved  with  the  computer  in  a  passive 
v;ay,     Kveryone  is   in  contact  with  computers  in  their  daily  life;  i.e., 
banking,  billing,   and  mailing  procedures  are  often  computerized.     The  com- 
i)uter  often  stands  between  an  individual  and  any  large  organization. 

The  third  reason  for  including  computer  study  in  the  liberal  arts 
curriculum  is  that  its  implications  in  our  society  is  in  itself  an  appro- 
priate topic  of  study  and  research.     The  age-old  question  of  "What  is  man?" 
c-jn  bo  transfonned  into,   ''Can  machines  think?  and  if  so,  what  makes  man 
unique?"     The  impact  conjjutors  are  having  and  will  have  on  individuals  and 
society  :.oems  t'^  be  a  futile  area  of  research  for  those  in  the  humanities 
and  social  scit^nces,   as  little  research  is  being  done  here. 

A  ■chool  should  be  sure  to  include  at  least  three  areas  of  content 
iti         introductor/  course  in  computers:   1)   an  introduction  to  computer 
t-;  rhnology  and  c^inimter  science.     This  v/ould  include  what  a  computer  can 
and  cannot  do,  l^iardware  and  software  expla»':at:ions ,  how  a  computer  works, 
etc.     2)     An  explanation  of  how  problerr  solving  with  computers  is  done, 
-ihis  may  include  some  rudimentary  problem  solving  and  programming.     3)  A 
study  of  the  implications  of  computers  in  our  society  now  and  in  the  future, 
with  reference  to  ethical,   economic  and  psychological  issues. 

David  Dempster 


Moursdiul,   Dav'ul  C . 

iL^liy.y.L'^U'  f'9;U-^  J'^^'         !  lit  rculuct  ory  Cumputor  Pi'Our;imiin  nr  Coiirsr 


{jTinput,  i  nj^  is  coniiij^  ifito  t  lu:  socoiKlary  school,  pcMUM'alh,' 
thrcnivih  intorcst(Hl  fin-ithomat  ics  toacluM^s,  Coinnutor  scIcmic^.^  is 
a  very  laroc,  cxparuliiii;  T  i  o  1  ct  tl\at  is  still  clianpj'ap  so  rapid 
ly  that  it  has  not  vol  stain  I i zed  at  its  most  elementary  hov- 
els. The  leacl^er  of  a  eom[uiter  pro j^ramm  1  ap  course^  will  l^ave 
to  establish  ami  defend  t!ic  goals  of  such  a  course  consistent 
with   the   facilities  Xhvt  he  has  to  work  with. 

After  the  alun^^  hackj;rouiul  ,  Moursu.nd  discussers  a  varirtx- 
of  eoals   for  an   i  ntrodiictor)'  comnuter  p  ro.erainrn  ng  course. 
These  i^,oals  {ire  independent  of   the  jvarticular  teacher,  studcMit 
level,  liardware,   and  software  availahle. 

(loa  i    ^' I  To  Rive  the  teacher  traininy:  and  exnc^rience  in 
teacliinv;  such  an   introductory  course.     >Tost   teachers   lack  for 
inal   trainine,,   and   for   fat    least)   rhe  fi,rst  sev^eral    times  through 
such,  a  course,   the  teacher  iiimself  will   l^e   in  a   loarninr,  sil- 
ua  t  i  on . 

Coal      2  'lo   increase  a   stuthMit^s  alnlit)'   to  solvc^  r^rohlcMiis, 
that    is,   a  student  nust    learn  l\(v.v  to  attacli  and  solve  !\ew  ami 
different    nrolUems.     A  solution   t  ec  lin  i  cjut^  ,  al,eorithm,   must  he 
devc 1  oped  . 

Goal    '-3  To   fami  1  i  ar  i  :^e  the  student   with  the   types  of  sit- 
uations   in  which  a  computer'   is  aj^plical^o,    that    is,   some  of 
tlie  capabilities  and   limitations  of  comi^uters.     i^e  should  learn 
to  appreciate   the  proh  1  em  -  so  1  v  i  ni;  powder  of  thr  man -machine 
comb  i  na  t  i  ofK 

(ioal    ^'4  To  teacli  comnuter  ivropramm  In.g .     This  sectior<  is 
divided    into   three   levels   ojven  as  suh"t7,oals:     i.)    tc  iirovide 
a  student   ^v  i  t  li  the  skills  l)e  needs   for  personal  use   :n  his 
areas  of  academ'c  and  vocational    interests,    ii.)    to  nrc^pare 
the  student   to  ;'0  on  to  a  higher   level   of  comnuter  science 
fat   tlie  [M'esent  ,   tins    is  generally  at  a  university  level), 
iii.)    to  [prepare  a  student   to  get  a  Jo>^   in  t^'c  coi]nMiting  field 
(gcMierall)^,   this  goal    is  not  attainable  at  tho  secondarv  scfiool 
level). 

OtdKM'  goals  are   flow  charting,   defaigging   (detecting  and 
correcting  errors),  atul  program  segmentation   fbreaking  the  nro- 
pram   into  sraaller  units  using  subroutines). 

The  article  is  easy  co  understand  and  well  organized.  T]>e 
goals  given  are  of  a  general  nature.  hor  t!ie  teacher  who  wants 
to  design  a  course,   ti^e  article  provides  some  desii'able  goals. 
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I'rM  [n.i.in ,   :a,an]r>y  and  Mosnionn,  Charles 
Co : \. \ t c. 1 1\  ami  S oci 

" ]  1 1 p  ]  )0 ok ,   Cov: \\ n\\. ( ^ n;  an li^  S <jci  et ,  a i ) i  ^ m a r s  to  1        i  i  I. a b I e  ) ) o t li  a : ;  a 
s  fvxii)ook   \  oi:  a  hasif:  luirvoy  co\irac  vn  cor\n\itor  ^iclcnco  ai5  well   ar.  a  roarlabl?.^ 
l  ook  f       lavrian  wlio  Vr'i:;hor>  t.o  i  nvr?;; L  LqaLe  Iho.  x'oIqs  of  compvi»:orH  in 

'^ur  so'-i   t  y .     Tlif'  au^hofs  have  orcjani/.f^i  the  book  around  thrac  major 
qu(^sf.Lon:^j--(  1  )  Why  :;t:u(iy  t:oinput.c' v^?     (2)     What  ar<'  coniputers?  and  (3)  \^at 
i;i  trio  i 11  none*:;  of  comr>ators  on  society? 

order  to  a:iSo;;s  what  c(.mputcrs  will  bo  aV>lo  to  do  in  the  future, 
TMio  nu'it  l^ocn  ri  by  noparatiivj  facts   fro:n  on-.otlonal   argumonts .     Thus  it  is 
i:;port.aMt    for  a  person  to  have  some  idea  of  what  a  computer  is  and  what  it 
doer.     TiW'  reador  is  qiven  some  insiqht  into  tlie  structure  of  a  computer; 
hov/rjv^'r,    iho  maior  portion  of  the  took  is  given  over  to  the  influence  of 
cf^!inut.err>  in  our  society.     This  is  the  question  which  concerns  the  majori  ty 
of  our  ritizons, 

A.;  with  anytliinq  nov/  and  unfamiliar,  many  pGoj>lo  ar<j  voir/  concerned 
about   ^U-    H;^:Mct  computorH  have  on  their  lives.     A  coni^ideral-jlo  portion  of 
th(^  tc>:^    is  dovoted  to  ovorcoiaing  emotional  reactions  the  reader  may  have 
lov/.ird  oornnut  ors.      vho  authors;  do  indicate  that  many  concern^i  are  valid 
>)ul:  t^jat  riMm.^r^His  safcguartls     iiave  been  develooed  to  in::iure  privacy  and  pre- 
vent ot:i';t   foi-m.i  of  miGi..    .     A  qood  balance  between  the  pros  and  cons  of 
various  ur^os  of  comouters    is  maintained. 

c  ^ompu  I » ?  i  r>   a  r  e  ^  mc  o  1   thi:"  m  a  j  o  r   i  n  v»  ?  n  t  i  ons  o  f  hh  i ;  ce  n  t  u  r/  .     Th  e  y  a  re 
liOfominj  mucii  morn  widesiiread  as  the  numl.ior  of   tominals  increases,   as  the 
co^;t  oi   (Operat  ion  docreasoi;>,   as  tlic  number  of  trained  personnel  increases, 
m  i  a  >  t)^,^  nurC-tor  of  af>T>l i  cations   increases.     As  Ihe  increase  of  computers 
'xuU  VMvif^'.A  it  is  nocessax*^/   that  more  peo]:)le  acquire  varving  degrees  of  know-- 
ledje  ai)Out  com])ut:ers  and  their  application. 

'  h"  majf;!'  e:nci*iasis  of  the  hook  was  the  coverage  given  the  four  major 
-  5  u  f :  ;  o     ' :  o  r  \  c  e  r  ■  n  i  n  a  on  p  u  t  o  i  *  us  a  q  e  ~  -  a  u  t  o  ra  a  t  ion  a  i  ^  d  ( n  p  1  oy  m  e  n  t ,  p  r  i  va  cy  , 
'/idi-i]  i  ty ,   unci  abase  of  fx>wer.     Thd  coverage  appeared  well-balanced 
<i:^  '^:ie;;  o iho   t  our  areas  wa;.  examined.     Careful    consideration  of  each 
■  reader  sl^ould  certainly  he  an  aid  in  personal  assessment  of 

tr:-.-  c^>:'n:'i  *  ^u'  moverion t . 

A  criaptor   i d(-voterI   to  tlio  future  of  matikind.     Estimates  are  made  as 

to  when  "'any  technological  improvements  are  likely  to  occur.     In  this  exam- 
mat  lo..  of   future  happenings  tlie  authors  see  the  computer  as  neither  the 

savior  nor  as  a  destroyer  of  mankind.     'three  trends  arc  noted  in  the  book. 

These  are  an  incrrease^?  mobility  of  men,  materials  and  information,  future 
IS!'  of  automation,   and  people's  expectations.     All  point  to  increased  use 

of  comouter:;  in  the  future. 

At  tiie  close  of  the  book  the  authors  have  used  a  narrative  format  in 
presruitin;  a    Uossary  of  (^.jmpviLer  terminology.      l?Us  seems  like  a  good  way 
to  present  vor-ahulary  in  the  context  of  its  usage.     To  locate  specific 
terns  w;tiiin  the  novel  format  there   is  a  Glossary  Index. 
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This  book  appears  to  have  two  particular  strengths — (1)   it  should 
bo  voiy  readable  by  the  average  citizen  and  (2)  a  balanced  viewpoint 
regarding  computers  is  presented. 

Renal (i  Littlo 


W  e  i  X  e  nh  a  iim ,  v  J  o  s  e  p  h 
2?iI!P ^A^Pj^     ^-^^  ^^^^^^ 

Communications  of  the  A. CM.,   Vol.   9,  No.   11   (Janxiary  19Gb) 
F\iges  36-43 

VAtlZA,  a  program  developed  at  M,I.1'.,  allows  natural  language  convnr- 
rjation  between  man  and  computer.     The  [program  is  v;ritten  in  MAn-STilP  for 
the  1M\  70^M  and  operates  on  t)\o  r-lAC  time  sluiring  r>ystom  at  M.l.T. 

KLrZA  creates  the   impression  that  tliere  is  a  human  ^mtity  at  a  ty^;^* 
writer,  somevWiere,   responding  to  each  remark  made  l>y  the  user.     This,  of 
course,   implies  that  the  computer  has  a  certain  amount  of  intelligence. 
The  purpose  of  this  article  is  to  explain  the  techniques  used  in  creating 
this  illusion  and  to  dispel  it. 

Briefly,  the  program  works  like  this.     The  user  types  in  an  innut  sen- 
tence,    Tiie  computer  analyzes  the  sentence  using  a  set  of  decomposition 
rules,  v;hic]i,   in  turn  are  determined  by  key  v;ords  avpcaring  in  t}\c  input 
sentence.     Associated  with  the  set  of  decomposition  rules  is  a  sot  of  re- 
assembly rules.     It  is  this  set  of  ro-assembly  x'ules  that  permits  the  com- 
puter to  make  responses  to  the  user's  statements. 

KUZA  has  many  features  which  w^ould  allow^  it  to  simulate  the  responses 
of  a  psychotherapist  or  a  counselor.     Normal  language  conversation  is  the 
main  feature  of  the  system.     This  feature  permits  anyone  to  use  tlic  program, 
wit)io:,t  having  to  learn  a  complicated  language  that  the  machine  can  under- 
stand.      FLIZA  also  creates  an  illusion  of  "understanding."     This  a}:>ility 
allows  the  computer  to  apoear  to  draw  valid  conclusions  from  the  conver- 
sation.    So  important  is  this  feature  that  the  primary  goal  of  ELIZA  is  to 
conceal  its  lack  of  understanding. 

Mike  Moser 
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Oi\  I  :ii]Mc  I   o[    the  roiiinulor  o\\  Socicls' 


IV-.' I      h!  aiiii]    is  :i   well    i.'UMw^  v.o):ii)uU'r  scioiilist  niul 
su^:,  I  .in  I  I  ii  1   cuii  I  r  i  Ini  I  i    n:-    lo   [].c   field.     Tli  i  ^;  well   v.  i' i  1 

1  I    r.O[iU'   involved   in   the  coiiiputor  science  field. 

li'C   ci'jiii)uU^r  Ikis  IkkI  vciy  coir->  i  do       1 )-   less  ^^ociot:il 
i^^'Ct    {\\:\n  i::ass  iiiedi;;  v/ould    lead         (o  t)eliove.     1die  (loiiij^uter 
i'idustr}    is   in  :i    lai'i^e  part   self  servi^iis     It    is    like  an  is- 
land V  coiKM'i)'    in  \vliiLh   tlie  natives  inaJvC  a   living  In*  takii\^'  in 
each   'other'^'.    lauiulr\'.     Thai   which   is  wol   self  serving   is  laa^t^o- 
I  v'   -;ip|s)rted  hy  [he  [j;o\'e  rumen  t   a]Ki  otior   industries  timt  know 
t  hvc   sluu' t  -  rau;?,o  utility  of  coii\]niters  l)ut  have  no   idea  of  their 
u  I  t  i  iiia  t  e   see  i  a  1   i:os{s  , 

Thi^    in;)acts   of  the  coni[JUtor  on  society  that  will  pr(n'e 
t(j  h'e  iinst    iinpoiMnnt   will   )>e  cruised  hy  \\o   sidi;^  effects  of  th^" 
cnj:uvn:M',      Is    it    r(--  to  asl    whcMhej'   the  coriputor  will 

iPduec   ele^M^e-    in  nuui  '  ^'    i-;i:u;e  of  ■mtis^I**  and  \'.^hctlTer  t!^at 
influei'C'^  wili   ;n-ove   to  ho    its   mos(    iniportaiit    (^ffecf    on  society? 
^•^c  i  ::ejd  s  ui:;  til  inks   sn,   alth<-i.ird'  he  a^.^mits   that   the  comnuter  has' 
not    vci    [o\>\   us  vMic'ii  ahou*   nan  and  ii  S  s   nature.     Wluit    is  v;rc:)ny^ 

t'-at    v;e  ra\'e  [MMaaitted   t  echiu>  1       ca  1   fiu^  t  ai^Iu)  r  s   and  tech- 
rnques   \o  so   t  iio  in">u;;h  I  )■  pervade^  our  thought   fvT'oeesscs   that  we 
iKive    final  ]>■   alnlieated   to   t  ecliraW  oj^\'  tl^.e  very  duty  to  formulate 
'-ue:^  I  ions    for  soc  i  c-t  >'  . 

sVi,:en)-!uin  suL;;^es*s   ^])at    Ihe  connniter  revolution  n'Hul  not 
and  ous'it   not   call   luau's  dii;nit)'  and  autoaoiny   into  (|UCst,ion. 

tliej;   the   coiiiputL'r   less   t  ii  rea  t  en  i        tiiaa  v:c  mighl   have  thouj:!ht 
Oiive  se   realise  tluit   our  visions,   p(^ssil^Ie  ]i  i  ^^htna  r  i  sh  \  isions, 
d^"  t  e  r i  iK^   the  effc^ct  of  our  o\\])  creat)f>n  on  us  and  our  so^  ''M>', 
*\iviv   threat    to   as    is   surely  d  in  in  i  shed.     But    tlKit    is   not  {'.:■ 
•sy    'hat    this   rea  I  i  ::a  t  i  c^'i  alcaie  wijn^s   out   all  daj^i^er. 

r^'    1:^1:-   v;sat    ar^'   tlic    re  s ;    n  s  i  im  1  i  t  i  e  s  n  i"  tl^e  copiputer 
scient;-.t7     I'irs^,   no  r  I   oi'   the  ham  ccM'uniters  can  notontially 
'Mitrais    is  :■sic^  iis^re  a    fuiwtion  of  properties;  neonle  attrilnite 
ccM-uiers   than  of  what    a  computer  can  or  cannot  actual  ]>-  he 
'isd;.    t      vie.      Thci'ei'orc"  tlie  cornuitor  ]M^o  f  es  s  i  ona  1   has   an  enor- 
"-'■nisi)-    1  ■      r  !  an  t    r<^s  j:  ruis  i  h  i  1  i  t  >"   to  he  modest    in  his  claims. 
Mso   th*,'  coi![pnler  scientist  nnjst   he  aware  constantly   that  his 
i  !.s  t  rumer<t  s  ai'e  caiiahle  of  luivin^;  i^Jgantic  direct  and  indirect 
e  f  i'ee  t  . 
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Protjram  nevolopment,  by  Stepwise  Rofinomoiit 
Cbminunlcations  of  t\\e  ACM,  Vol.  No.   4    A) > r i  1   19  71) 

Pages  221-227 

llie  i-doas  of  strucrturcd  procjraniminq  and  rjhopwjso  rofinemoat  arv  f)rM  rKj 
juishod  by  ^ome  of  t:hn  loaders  of  the  f;omputnr  licionco  field  such  as  f^W. 
Dijkiitra,   and  Niklavis  Wirth.     This  rirt.iclo  doLeii       ti\'.^  idoas  of  st.opv;i:i(^ 
rcfinomont.     Its  introduction  is  <juotod  hoh/A',     The  a^'t.irln   Ltb'olf  con- 
tains a  long  oxamplo  illustrating  Writh's  ideas  on  stepwise  rofinomonl. 

Programming  is  usually  taught  by  examples.  i:x^:)orionce 
shows  that  the  success  of  a  progrcvnming  course  critically 
depends  on  the  choice  of  these  examples.  Unfortunately, 
thoy  are  too  often  selected  with  the  prime  intent  to  demon- 
strate what  ca  computer  can  do.     Instead,   a  main  criterion 
for  selection  should  be  their  suitability  to  exhibit  cer- 
tain widely  applicable  techniques .     Furthennore,  examples  of 
programs  are  commonly  presented  as  finished  "products"  fol- 
lov/ed  by  explanations  of  their  purpose  and  their  linguistic 
details.     Rut  active  programming  consists  of  the  ciesign  of 
new  proqreims,   ratlier  than  contemplation  of  old  programs.  As 
a  consequence  of  these  teaching  methods,   the  student  obtains 
Uie  impression  Uiat  programming  consists  mainly  of  master- 
ing a  language  (with  all  the  oocul iaritics  and  intricacies 
so  abundant  in  modern  PL's)   and  relying  on  one's  intuition 
to  somehow  transform  ideas  into  finished  programs.  Clearly, 
orogramming  courses  should  teach  methods  of  desiqn  and  con- 
struction,  and  the  selected  examples  should  l)e  such  that  a 
gradual  deve lopment  can  b(}  nicely  demonstrated. 

This  paper  deals  with  a  sinc/le  example  clioson  with 
these  two  purposes   in  mind.     Some  well  known  technigues  are 
briefly  demonstrated  and  motivated   (strategy  of  preselection, 
stepwise  construction  of  trial  solutions,    introduction  of 
auxiliary  data,  recursion) ,   and  the  program  is  gradually  de- 
veloped in  a  sequence  of  ref i  nemont  steps . 

In  each  step,  one  or  several  instructions  of  the  given 
prograra  arc  decomposed  into  more  detailed  instructions. 
This  successive  decomposition  or  refinement  of  specifications 
terminates  w]:ien  all  instructions  are  expressed  in  terms  of  an 
underlying  computer  or  programming  language  and  must  there- 
fore be  guided  by  the  facilities  available  on  that  computer 
or  language.     The  result  of  the  execution  of  a  program  is 
expressed  in  terms  of  data,  and  it  may  be  necessary  to  intro- 
duc     further  data  for  communication  between  the  obtained  sul:>- 
tasks  or  instructions.     As  tasks  are  refined,   so  the  data 
may  have  to  be  refined,   decomposed,  or  structured,  and  it  is 
natural  to  refine  program  and  data  specifications  in  parallel. 

Kvery  refinement  step  implies  some  desian  decisions.  It 
is  important  that  these  decisions  be  made  explicit,  and  that 
the  programmer  be  av.are  of  the  underlying  criteria  and  of 
Q       the  existence  of  alternative  solutions.     7he  possible  solutions 
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to  a  qivN?i\  pi'obloin  oitiei^jo  as  the  l.oavos  ol."  a  treo^  each  node 
ro:n-cs(?nt inq  a  point,  of  dol  iborati on  aruJ  decision.  Subtrees 
nay  bo  constilnr<^l  a:*  faniilios  oT  fif  i ljU: i onr>  v/vth  certain  com- 
wsjn  charactorist  icjr.  t\nd  structvires .  Tlio  notion  of  svich  a 
troo  :r}ay  be  txirt ieuUir ly  halptui  in  the  sit\iation  of  chang- 
in*;  j>urpose  and  environnent  to  which  a  procfrain  may  sometimes 
havr^  to  ho  adapted, 

A  Mill  i\o  line  \n  t  he  p roc: o ? ; s  of  s to w  1  s e  re f  i  n eme n t 
snouid  he  t\\a  princii-le  to  decompose  tiocision?^  as  much  as 
:H,>3i- i b ] < ' ,   to  initanalo  aspects  which  are  only  seomlnqly  in- 
terdependent,  and  to  defer  thc^se  decisions  v;hich  concern  do- 
tal lr»  of  ref>resentati on  as  long  a.s  i^ossible,     Thir;  will  re- 
sult in  r^roqram.s  which  are  easier  to  adopt  to  different 
environments   (lanquarjes  and  computers)  where  different  le- 
presentation^^  may  be  required, 

Ibe  chosen  sample  problem  is   formulated  at  the  bogin- 
ninq  of  section  3,     The  reader  is  strongly  urged  to  try  to 
find  a  solution  by  himself  before  emharkinq  on  the  paper 
which- -of  course — presents  only  onn  of  nviuy  problem 
so  J  ntions , " 

DAVin  MOUP^UND 


"ob r  J  s  t ,  A  i  be r  t  and  Ca r  1  s on ,   Fr ede  r  i c 

Scientific  American,  (June  1973), Vol.   228,   No.  b 
Paqe  )?  - 

'llir   fif>]d  ot"  aitificlal   intelliqonco   (chi  a  computer  be  progranimcd 
to  tliink?)    i<i  one  o\    the  more  interostinq  and  challenqinq  aspects  of 
ojr;t>uter  science.     ^I^he  problem  of  writing  a  computer  prO(Jr^im  to  play 
qood  qamo  of  chess  has  a  long  and  proqressivt^  history.     An  annual  compa- 
teri;^;d  chesn  tournament  has  liolped  to  stimulate  renewed  interest  in 
ciiis  :.>articular  problem. 

7h'^  authors  of  t.his  /irticle  work  at  the  University  of  Southern  Cali- 
ior:.ia.     Th^'v  liavi;^  writt^Mi  r<  chess  nlaying  nrogram  which  they  feel  is  fun- 
^iaincntally  dif  f^-rent   f  ror^  ones  wrJ  tt'  n  frfoviously.      It  has  a  }nult-in 
hility  to    '^lakr-  advice"    ^r.>n  \  persoii.     The  aut[-:or^s  pro:^r3J\  was  dr'feated 
ill  t; f  -ost    >^(v  eiU   U,^,   compu t^^r i xed  c^hess  toutjiampnt;   ho^^ever,  the  auth- 
^^rs   :^:ei   thr:  roo^iramwill  ccntinu-    to  inorove    as  it  re  ceives  appropriate- 
udvir-   fr'^m  their  consultant   (a  senior  chess  ma-iter). 

'■'hin  is  an  excellent   Lnt  roduc;!  o  ry  article  for  a  student  who  has 
->orr^f  t- ic;-qro!/nd  and  interest  in  chess.     It  traces  the  de^.^e  lopment  of  many 
-.'f  the  krv  id-as   and  p  i  r^i^r:  int:-   the  CL;rront  rnjor  orohlems.     The  articl^^ 
ends  %.'Lr]i  a   Il,atir:^^  and  discussion  of  a  game  between  Liie  coniputer  and  a 
oers on. 

Daviil  rxiHose 


COMPUPERS  AS  AN  AID  TO  LKAWING 
by 

IjIov c!  P'rasor 
David  Moursund 

1  ?an  Moufsund 
Torn  Sto^no 
VJal  ly  Wal  tUnan 


M)ick  Bach  of  north  Kuqene  flicjli  School,  Kuqono , Oregon,  served  as  a  qrouo 
loader  for  ttiis  chanter. 


TV, A. 1 


SI-CTION  A:     (WliRVIIiW  by  David  Moursund 

L^^^^^!jyij£",  this  Handbook  wo  have  divided  the  topic 

instViicTTonal  use  of  computers  into  tbroo  maior  s;jb- 
topics.     ('hapter  HJ  discd^ses  teaching  about  comvutcrs^ 
including  teaching  computer  proprampiing .     C:bapter  IV  (this 
chapter)  is  concerned  with  use  of  the  computer  as  an  aid 
to  learning.     Some  people  call  this  topic  ''computer  assisted 
learning"  to  distinguish  it  from  ''computer  assisted  in- 
struction*' covered  in  Chapter  V,     In  computer  assisted 
instruction  the  computer  serves  as  a  delivery  system- -it 
presents  instruction.     The  dividing  lines  are  not  clear 
cut,  and  it  is  certainly  not  critical   that  one  should 
classify  each  instructional  use  of  computers'  into  exactly 
one  of  the  three  general  categories. 

The  field  of  computer  assisted  learning   ((!Ab)  can  itself 
be  divided  into  two  suhfields.     Many  aspects  of  CM  do 
not  require  knowledge  of  computer  programming  eitlier  on 
the  part  of  the  teacl^er  or  on  the  part  of  the  student. 
Bot}i  the  teacher  and  the  studonts^  use  the  computer  ^  hut 
tliey  use  programs  which  have  been  written  by  other  people 
and  stored  in  a  computer  lil^rary.     roccasionally  the  program 
writer  will  be  the  teacher  or  a  sttident  in  his  class). 
Sections  B,  C,  and  H  of  this  cluipter  are  devoted  to  a  dis- 
cussion of  various  aspects  of  this  form  of  CAb^ 

A  second  major  subdivision  of  CAb  is  concerned  with  the 
situations  in  which  students  are  expected  to  write  computer 
programs  as  an  aid  to  thei;'  studies  of  some  field  such  as 
mathematics,  business  or  science.     Henerally  a  high  level 
of  programming  skill  is  not  necessary,     lfow^over»  both  the 
teacher  and  the  student  will  need  some  programming  skills, 
fn  either  case  the  person  with  very  minimal  or  inadequate 
skills  will  be  handicapped. 

The  remainder  of  this  section  is  devoted  to  a  brief  dis- 
cussion of  the  topics  discussed  in  more  detail  in  subse- 
(juent  sections  in  this  chapter. 

Simulation    One  of  t)ie  most  fundamental  concepts  of  science 
is  tTiat  oT  predict  ion- -that  is,  of  constructing  models 
which  accurately  describe  some  aspects  of  the  real  world. 
A  formula  such  as  d  =  .Sat^  relating  distance  to  acceleration 
and  time  is  an  example  of  a  model.     It  can  be  used  to  pre- 
dict the  position  of  a  falling  object   (acce Aeration  due 
to  gravity)  after  a  certain  time  period.     The  model  assumes 
that  the  object  moves  in  a  vacuum  under  a  constant  accelera- 
tion; neither  of  these  assumptions  may  be  correct  in  a 
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typical  application  of  the  model.    That  is,  a  model  need 
not  be  perfect  to  be  useful. 

The  concept  of  modeling  can  he  applied  in  the  social  sci- 
ences, business,  governments  military,  etc.     The  word 
"simulation"  is  often  used  in  these  more  general  contexts. 
Moreover,  the  complexity  of  the  models  often  makes  a  com- 
puter helpful,  or  even  necessary,  in  actually  using  the 
model.     A  model  (simulation)  of  the  economy  of  the  United 
States^  for  example,  might  involve  several  hundred  variable!* 
To  use  the  simulation  to  predict  the  effects  of  a  tax  cut 
might  require  billions  of  ro^.put  at  ions  » 

Packaged  Programs    Many  thousands  of  computer  programs  have 
been  wrTrten  to  solve  prob lems - -math  problems,  engineering 
problems,  statistics  problems,  etc.     Often  it  is  possible 
to  write  a  computer  program  with  sufficient  generality  so 
tfiat  it  can  solve  all  of  a  certain  kind  or  type  of  problem* 
Thus  a  program  can  be  written  to  compute  the  correlation 
of  two  sets  of  n  numbers •     Tt  makes  no  difference  whether 
the  actual  data  to  be  analyzed  are  sots  of  student  test 
scores,  or  sun  spot  counts  vs-  stock  market  activity* 

Over  the  years  many  hundreds  of  general  problem-oriented 
programs  have  been  written,  carefully  tested  and  documented 
and  published.     The  typical  computer  center  maintains  a 
library  of  such  "packaged"  or  "canned'   programs.  Packaged 
programs  of  this  sort  can  be  an  object  of  study  in  their 
right,  or  can  be  used  in  studying  the  subject  matter  which 
happens  to  require  a  particular  computation.     Tn  either 
case  they  play  an  important  role  in  a  modern  educational 
sys  ten » 

Information  Retrieval     A  computer  is  a  maclnne  designed  for 
tire' Ynpift'^^'s  tor  age  ,  manupulation  ,  and  output  of  information. 
If  one  downplays  the  emphasis  upon  manipulation  (i.e.,  es- 
pecially arithmetic  computations)  then  what  is  left  is  the 
concept  that  a  computer  is  a  machine  designed  for  information 
retrieval ♦ 

In  the  world  of  education,  computerized  information  retrieval 
has  made  significant  progress  in  two  areas.     In  school  ad- 
mini  ''trat  i  on  a  computer  can  be  used  to  store  student  infor- 
mation (names,  address,  parent  information,  course  schedules, 
academic  record,  etc.)   in  a  form  to  allow  easy  access.  This 
is  widely  clone.     Tn  educational  research  the  computer  can  be 
used  Lo  store  huge  amounts  of  information  (for  example, 
titles  and  short  abstracts  of  all  journal  articles  published 
in  a  certain  field)  in  a  form  to  allow  rapid,  comprehensive 
access . 

A  third  major  aspect  o^  computerized  information  retrieval 
is  largely  not  yet  realized  in  public  education.  Eventually 
we  can  expect  that  the  previously  mentioned  tool  being  made 
available  to  select  researchers  will  grow  in  power  and  be 
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miule  available  to  all   stiulciUs,     Ouv  crxw  think  of  tins  as 
the  computerization  of  libraries,     A  stvulent  will  be  able 
to  '  look  up"  information  on  a  topic  while  sitting  at  a 
computer  terminal.     He  will  have  access  to  a  bup,e  central 
library  independently  of  the  size  or  remoteness  of  the 
particular  school  he  is  attondinp.     This  library  will  be 
much  more  comprehensive  than  could  be  afforded  t)y  any 
single  school . 

[iPP]r ^^IPJ^ J!jPi> ^iL21I^ ing  As  An  Aid  to  Lear nin^    Almost  all 
sTiidents  can  learn  to  propran  a  computer  at  a  level  which 
is  useful  to  themselves  and  useful  in  studying  subject 
matter  such  as  matheFiatics ,  business  or  science.  Of 
course,   learninp  to  program  a  computer  is  a  non-trivial 
task,  and  what  constitutes  a  useful  level  of  skill  is 
subject  to  debate.     At  the  collepe  level  many  field**^  of 
study  (i.e.  btisiness,  enpineering)  require  all  of  their 
students  to  take  at  least  one  course  in  computer  pro- 
prammmp.  One  mipht  conclude  that  the  material  covered  in 
one  college  level  introductory  propra^iiminp  course  is  a 
use  ful  leve 1 •  ♦ ^ 

(Computer  propramminp  can  be  taupht  at  the  prade  school 
level.     It  is  fairly  common  to  find  students  learninp  to 
program  at  the  junior  high  school  level.     As  an  example > 
Mike  Neill  at  Koosevelt  Junior  IHph  School   in  Fugene  , 
Oregon  offered  a  nine  weeks  introductory  programming 
course  each  quarter  for  several  years   (1069-71),  The 
course  was  open  to  the  general  "run  of  the  mill"  seventh 
and  eighth  graders. 

It  is  possible,  then,  to  teach  a  'Significant  amount  of 
computer  programming  to  a  typical  7th  or  8th  grade  mathe- 
matics class  student.     If  this  is  done,  then  many  of  the 
mathematics  topics  at  these  grade  levels  can  be  examined 
in  light  of  this  new,  additional  tool. 

If  t!iis  can  be  done  at  the  junior  high  school  level,  then 
clearly  it  can  also  he  done  at  the  senior  high  school 
level.     The  National   Science  Foundation  supported  the 
"Colorado  Project"  (3)  w^hich  developed  a  second  year 
algebra  and  trig  course  involving  the  use  of  computers. 
This  course  is  now  offered  at  a  number  of  high  schools. 
In  Oregon  a  Colorado  Project  "workshop"  was  held  in 
summer  1972  and  again  in  summer  1973.     Ihus  ,  quite  a  few 
teachers  in  Oregon  have  studied  these  materials  fairly 
carefully  and  are  involved  in  using  thcin  in  their  high 
school s . 

Quite  a  bit  of  instructional  materials  involving  students 
writing  programs  have  been  written  for  use  at  the  college 
level,     Perhaps  the  best  known  materials  are  the  CRICTSAM  (2) 
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materials- -an  introductory  cnlculus  course  usinp,  com- 
puters.    Although  these  materials  have  received  wide 
national  attention ^  they  have  not  been  used  much  in  Oregon, 
An  exception  is  Lane  ('crnmunity  College  in  T-ugeno,  which  has 
offered  such  a  course  several  times, 

Cojiclusion    The  use  of  computers  as  an  aid  to  learning  is 
]usY'T>eginning .     As  we  make  further  proj^ress  in  computer 
hardware,   software,  and  instructional  materials,  it  will 
become  commonplace,     Eventually  students  will  make  every- 
day use  of  computers  in  the  manners  discussed  in  the 
f ol lowing  sections . 

Uc^f  e  r  ejicj>s 

I^eavers,  Collins,  Ilerbor,  and  Larson:     Second  Course 
I n  A Igebra  and  Trig o n ome t ry  Wi th  Comp utor  Programmi nj^ ; 
TTiTen^lniversity  oTCoTofa^b  ,  TWTr 

2 .  Calculus:     A  Computer  Or i en  ted  Presentation ;  Florida 
State  DniversityV  1068. 

3.  Johnson,  David:   (pditor  and  author  of  several  parts): 
Computer  Assi sted  Mathemat ics  Program  f6  Volumes), 
Scott,  Toresman  and  CompanyTT?^''^. 


ERLC 


IV.  1'..  I 


SIC!  K^N  I':  SIMii|.ATU>N' 


I r\trochict  i^n 

Imapjnc  yourself  a.^  a  visitor  to  C\ty  lliph  Scliool  ,     As  vou 
wnlV  down  the  hall  you  pass  a  small   room  luJStlinR  with  activitv. 
Tpon  cntcrinp.  the  rooi^  vou  ol^sorvo   four  entliusi  ast  i  c  students 
surrounding'  one  of  tl^rcc  telctvne  terminals  in  the  room.  You 
decide  to  tale  a  closer  look  to  see  wbnt  Ims  them  so  excited. 
V(Mi  find  that   they  are  (ui);rossed   in  mnVin)^  fcM^thall  strntcf^.)' 
decisions.     The\'  ^irc  usinr  the  terminal    to   interact  with  n 
computer  proj^rnri  that   luis  l^een  written  to  simnlnte  i\  foothnll 
p,;ime.     The  students  fiave  the  hall  on   the  computer's  [^Ci  yard 
line  with  a  third  down  nnd   ]?.  )'ards  to  po  situation,  Tlu^ 
students  li.'ive  decided  upon  their  stratef^v  and  t}io  student 
^;eated  at   tlie  keyhoard  types  in  the  numher  thnt    is  the  co<le 
for  that   strato>^,y.     The  students  moan  unon  seeing)  the 
fnllowinj:  messaj:',e:     '  Intercepted  pass.     Return  to  So  ynrti 
line.     Select  your  defense.''     Now  you  move  on  to  the  next 
terminal   at  which  a  yir}   is  i  n  te  ra  c  t  i  ny^.  with  a  3  -  d  i  mens  i  ona  1 
tic-tac-toc  i')rof;ram  called  (H'Hff,     Tins  p/A^o  requires  her  to 
visualize,   in  tliree  dimensions,  tl^e  two-dimensional  display 
before  her.     A  cheer   from  the  pirl    seated  at  the   third  terminal 
interrupts  your  ol^servation  of  the  OHIUC  ).:amc,  and  you  walk 
over  to  tf^e  third  terminal  •     Ihe  pirl  relates  that  she  has  Just 
*'made  a  killinfi'    on  the  stoc^   market   in  a  simulated  stock  market 
r  a  me  . 

ViT.ile  ulacinj!  vourself   in   the  role  of  an  observer   in  the  al)OV(^ 
paragraph,   yoii  have  actual  Iv  experienced  a   form  of  simulation. 
'  imulation  can  he  thought   of  as  a  model    for  a  j'lven  situation. 
J'suallv   it  attempts  to  replicate  tlio  essential   aspects  of 
reality,   so  tliat   reality  may  ho  hotter  nnrlerstood  or  controlled, 
'flamin/!'    is  a  term  often  associated  with  simulation.      Tt  may  he 
described  as  a  procedure   involving  competition  and  requiring 
di^c  i  s  i  on  -  mak  i  nr  to  achieve  pre  -  spec  i  f  i  e<l  f^oa^s.     There   is  not 
coui|)lcte  as^.recment  within  tl^e   field  about  tlie  classification  of 
simulations  and  pames.     Some  experts  believe   tiat  pames  are  a 
tvno  of  simulatioi:,   some   feci   tluit  certain  pames  are  simiilatinps 
ile  other  eamos  nre   *n  a  classification  of  tl^eir  own;  :^nd 
till   otbiors   feel    tliat  )'ames  and  simulations  are  separate 
oiitities.     There   is,   hou'cvor,   aj^,reement   that  j'ames  are  com- 
r'ctitivf^  >y  fialure  wbile  simulations  are  not  necessarily  com- 
pf^titivo.     Also,  simulations  usually  attempt  to  produce  a 
realistic  situation  vhile  concern   forrealism  in  pames  is  not 
usually  necessary.     To  point  out  these  differences,  consider 
tv;o  exaninlcs.     l  irst,   tlie  testinp  of  a   rockei   nose  cone  in  a 
t  i  lul   tunnel   \s'hich  attempts  to  produce  conditions   similar  to 
t!;Ose    it  vMuild  cnco\u^.ter  \ipon  enter  in^^  the  earth's  atmosphere 
i     a   simrltion.     -'ote   that  competition   is  not  a   factor.     Seco!id  , 
the  ?)opu'ar  p^ame  "^'ononolv"  lias  comnctition  as  its  f^ain  em- 
nhasis  even  to  tlie  point  of  distortinp  reality.     A  poal  of 
simulation   is  tl^e  traiisfer  of  experience  so  that   the  learner 
is  better  prepared  to  cope  with  real  events,  wliile  this  is 
not  necessarily  a  poal   in  paminp.     l-urther  mention  of  paminp 
^•'^       be  made   later  in  connection  with  the  computer's   role  in 
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(icnera  1^  tise  of  Simul^at  ion 

'Tlie  field  of  s  i  imil  at  ion/^^ami  n     h«ns  passed  through  thre<» 
pliasos  sincu  the   lOSfr.s:     Accept  on  faith  throunh  )9f}2  or 

P>6.'\,  n   '  Pos  t 'Honeymoon  ^  r^'i'icxl  <lurinR  the  years  106/1  to  19r)S 
V'/hen  thv  first  crude  attempts  to  evaluate  simulations  and 
juimos  led  to  disenchantment,  am'  the  present  period  of 
MJcalistic  Optimism'   nnsccJ  upon  accumulated  experience  and 
further  experimentation."      A  toacler  w}io  has  never  used 
simulation  or  gaming   for  instructional  piv/poses  must  decide 
if  they  would  he  valuahlc  learning-',  process.^s,  and  if  so,  how 
they  could  be  incorporated  into  his  discipljne.     There  are 
two  ways  that  one  could  use  Simulation  and  gaming  in  his 
teaching.     First,  the  modeling  process  could  he  studied;  this 
would  involve  learning  how  to  write  and  analyze  simulations 
and  games.     Second,  simulations  and  games  could  be  used  as  a 
means  to  learn  about  something  else.     This  section  is  concerned 
with  the  latter  idea,  and  will  now  proceed  to  list  some  of  the 
possible  advantages  and  disadvantages  of  using  simulations  in 
this  manner, 

1.  l.mphasizes  the  enquiry  approacli  to  learning. 

2.  r^rovides  experience  in  thi  igs  too  expensive  or  dangerous 
ro  be  otherwise  feasible  or  practical. 

3.  Permits  expansion  or  comp  r:\^  s  i  (mi  of  real  time. 

4.  Forces  students  to  take  an  active  tole  in  learning. 

5 .  Increases  sol f -mot i  va t  i  un . 

6.  I^romotes  discussion  because  of  common  student  experience. 

7.  Is  expected  to  improve  retention  of  trans  feral)  le  action 
(Init  evidence  is  not  ycr  available). 

iS .     riiminates  some  measurement  difficulties. 
9.     Requires  clarity  of  commujiication  (hot}i  in  following 
instructions  and  in  expressing  ideas). 

isadvantages  of  simulation  : 

1,  >1ay  require  increased  teacher  plaining  time. 

7.  ^1ay  require  too  much  cImss  time  to  complete. 

3.  i'esults  in  lack  of  teacher  control  over  what  is  learned. 

4.  Is  often  expensive. 

5.  May  create  a  classroom  situation  in  which  students  are  talking 
and  moving  about  the  room. 

() ,  Is  difficult  to  validate  as  an  effective  learning  instrument- 

7.  .^lay  produce  conformity  in  students. 

As  i  s  true  of  just  a))out  any  educnt  ional   instrument ,  there 
are  t  imes  when  Simula t  i  on  is  hi gli ly  e  f  f ec t  ive  and  other  times 
when   it   is  not.     The  advantages   listed  above  suggest  that   it  can 
be  done  effectively  when  a  student  would  benefit  from  a  real-life 

M^joocock ,  Saranc  vS .  l\  Schild,  h.O,  Simulation,  Games  and  Learning, 
vSage  Publications  Inc.,  Beverly  Hills,  California. 
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(.^xp(M' i  rncc ,  hut   for  roasoii  of  tinio,  cost,  clrinj^c^r,  etc.,  the 
I  r«-»v'  cxper  i  cnco  would  bo   innrnctical  or  inipossiMo,  Mowovor, 
lu>roro  iisiiij'  a  s  i  nni  1  a  t  i  on  ,  the  nclvaiunfrs  and  d  i  s  ad  van  t  a  pes  ncM^d 
\n  lie  woi;',liod  and  considered  \s'itli  t^(^  context  <^f  course  vvorl- 
arid  the  teacher's  willinjzness  to  plaji  and  cxP(MMment  l>cforo  it 
can  ho  errectively  utilized, 

("ornput  eri  ::od  Sjinulat  ion 

Tlie  precedini^  oararrap!i  dealt   very  briefly  vMth  tlie  I'onoral 
use  or  sinulation  in  education.     I'owevor,  since  t^Ms  MandhcoV 
is  devote!  to  th.e  use  of  contniters   in  education,  the  remainder 
of  this  section     i  1  1   deal  witl^  coTnnuter  i  zecl  simulation. 

Why  sliould  a  computer  be  used  in  siruilation?     An  obvious  ansiver 
is   that  many  simulations  require  an  immense  amount  of  com- 
putation.    There  are  a  number  of  other  reasons.     A  teacher  may 
he  reluctant  to  use  simulation  or  gamine  in  a  course  because 
of  tl^c  amount  of  time  and  effort   required     for  teacher  prepar- 
ation.    The  preparation  time  can  be  preatly  reduced  if  the 
teacher  is  al^lc  to  pain  access  to  a  computer  system  and  locate 
a  prepared  computer  propram  of  the  desired  simulation,  (Location 
of  prepared  simulations  will   be  discuss^d  later.)     Also  the 
in-class  student  time  renuired  to  complete  a  simulation  can 
often  be  reduced  significantly  for  two  reasons.     First  of  all, 
single  students  or  small  student  teams  may  conduct   the  simulatiori 
at  a  computer  terminal  while  the  rest  of  the  class  works  on 
something  else   for^  the  simulation  could  even  be  done  outside 
of  class  timel.     Secondly,  many  educational  simulations  and 
pamcs  that  are  not  computerized  require  interaction  between  the 
teacher  and  students     or  between  student  teams,   and  responses 
arc  required  at  l^oth  ends  of  the  interaction,  whicli  can  he 
quite  time  consuming.     The  computerized  simulation  can  speed  up 
this  process  hy  providinp  immediate  responses  at  the  computer 
end  of  the  interaction.     As  is  true  for  simulation   in  general, 
computer-aided  simulations  provide  learning  experiences  which 
mipht  not  be  available  to  students  because  ef  factors  such  as 
safety,  equipment  cost  or  availability,  prohibitive  time,  or 
other  factors  of  cost  of  convenience.     Simulations  may  also 
provide  to  students     an  instruction  approach  which  will  enable 
them  to  attain  a  lesson's  objectives  witn  greater  speed  and/or 
ease.   An  example  of  this  would  be  an  acid-base  titration  simula- 
tion experiment  used  in  a  chemistry  ':lass.     Because  of  tech- 
nological  laboratory  acvclopments,  a  chemist  rarely  needs  to 
perform  a  titration  manuall^'.     Recor.linp  PI^  ^^eters  and  automatic 
Burettes  have  made  typical  hipb  school   laboratory  titration 
procedure  ol^rolete.     Therefore,  the  acid-base  titration  is 
important,  not  as  a  laboratory  technique,  but  as  a  means  for 
demonstrating  the  application  of  chemical  principles.  The 
student  may  now  u<^c  a  computer  simulation  to  demonstrate  the 
application  of  these  concepts  in  a  way  that  mipht  be  faster, 
safer,   and  cheaper  than  performinp  the  laboratqyry  experiment. 
Some  other  advantapcs  that  computer  aided  simulations  provide 
are   fl)   instantaneous  feedback  to  the  student  who  has  just  made  a 
decision  in  a  simulation,   (21  quickness  ^n  performinp  many 
riporous  and/or  ^enpthy  computations,    (7^)  easy  access,  and 
l^Q9^"be  use  of  models  of  a  preater  complexity. 
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How  can  n  teacher  \<\th   little  or  no  conpiiter  experience  lu^vjin 
usinji  computer  i  .'0(1  simn  lot  ions?     f^'oro  wo  are  assuming  that  time- 
shared  cor!]iutin)^    facilities  arc  ri\Milahlc  in  tlie  school.  Of 
course )  computer  simulations  can  also  ho  run  on  a  hatch  processin} 
computer  facility.)     Such  a  teaclior  mav  he  apprehensive,  f)ut 
in  reality  it  can  he  very  easy  to  use  a  compute  r  -  ru  dec!  simulation. 
If  a  teacher  is  interested   in  tryinjT  a  simulation,  the  first 
thinj',  he  should  do  is  attempt   to  find  a  teacher  who  has  had  ex- 
perience  in  the  aren.     There  is   generally  at  least  one  teacher 
ill  a  school  district  involved  in  some  form  of  computer-aided 
instruction.     In  lar^'^er  districts  there  is  prohably  a  teacher 
in  each  liigh  school  that  could  ho  used  as  a  resource  person. 
Tlii  s  person  could  explain  the  harchvare  and  software  facilities 
availahle  and  demonstrate  their  use,     A  typical  case  would 
involve  p,oin;'  into  a  classroom  where  a  teletype  terminal  is 
located  and  typinj^  several   shoi't  instructions  on  the  ]<eyhoard 
Just  as  './ould  he  clone  on  an  electric  typewriter.     T]n  s  would 
initiate  n  response  from  the  computer.     At  this  point  the 
person  at  the  teletype  would  have  tlie  option  of  callinp  into 
use  one  of  the  prepared  simulations  or  other  programs  availahle 
in  that  system's  library,     He  could   thvn  continue  interaction 
witli  the  computer  until  ttio  proprnm  w\ns  comr>leted,     Fn  this 
way  the  novice  could  ho   introduced  to  the  use  of  a  computer 
under  relaxed  conditions,  thus  relievinfr  the  original  appre- 
hension . 

There  are  available  a   larpe  number  of  i n s t rue t i ona 1 1 v 
oriented   simulations  that  represent  many  disciplines  and 
which  use  the  computer  to  varying  decrees,     "^^ost  of  these  are 
written  to  he  used  with  the  interactive  process  hecnusc  of 
the  advantage  of  immediate  response,     However,  there  are  some 
simulations  that  lend  themselves  very  well  to  batch  processing. 

Once  a  teacher  is  aware  of  the   facilities  available  to 
him  and  is  somewhat  familiar  with  their  use,  he  must  then 
initiate  his  students  to  the  use  of  comjuiter i zed  simulations. 
Just  like  teachers,  many  students  are  also  api^rehcns  i  vc  about 
their  initial  encounter  with  a  computer.     This  would  be  an 
excellent  time  to  use  a  computerized  game,  li\c  the  game  of 
football  mentioned  earlier,  which  would  provide  the  means  of 
a  painless  i  ntrociuct  ion ,     Because  of  the  nature  of  gaming, 
students  can  easily  become  addicte<l  to  it.     Thus  the  teacher 
needs  to  take  great  care  so  that  after  the  introduction  to 
the  computer,  any  simulations  or  games  performed  should  be 
used  only  as  the  means  of  accomplishing  an  educational  goal, 
hor  example,  assume  an  economics  diss  is  dealing  with  the 
stock  market,     A  simulation  dealing  with  the  daily  or  weekly 
transactions  of  l)uying,  selling,  and  trading  could    he  an 
excellent  means  of  giving  the  students  a  feeling  for  how  the 
stock  market  operates.     Rut  the  simulation  needs  to  be  preceded 
by  discussion  of  the  stock  market,  a  study  of  necessary  economic 
concepts,  and  other  information  needed  to  enable  the  students 
to  activate  the  terminal  and  perform  the  simulation.  Follow-up 
activities  similar  to  those  that  would  be  used  after  seeing  a 
^    movie  on  the  stock  market  should  also  be  planned.     In  otlier  h< 
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a  siKUJlntion  is  Just  n  tool  used  to  help  n  student  pjiin  under- 
stand inp  of  his  environment. 

i!(>w  can  a  teacher  locate  prepared  coinput  (Mm  zed  simulations? 
The  ))est  source  is  nrohably  a  cataiof.  listinp  and  description  of 
all  prepared  programs,  including  siruilntions  and  paines,  tluU 
are  available  f ron^  ^'e  system's  library  of  stored  programs, 
!iepen<linj^  on  the  sysivjr  heinp  used,  the   list  of  simulations  could 
be  quite  extensive.     Tor  example,   the  Oregon  Total  fnformatKMi 
System  (OTIS')   Hewlett  Packard  User's  Library  of  scored  pr(^)' rams 
contains  over  fifty  simulations  and  games.     Not  only  are  lil)rary 
programs  easily  located,  but   tliej'  are  also  (piickly  ami  easily 
accessed,     lor  additional   sources,  one  should  refer  to  the 
source  1)  ibl  i  og  rapliy  at  the  end  of  this  article.     It   is  also  a 
good  iilea  to  examine  sul^ject  area  journals  such  as  S_eience 
fe acjie r  ,^Siic  i  aj   l.ducator  ,  Journa  1  o  f    (^homi  s  t  ry  I'duc'r'Ti  o7i\ 

aH] OKI aj  1  cs  Te a cT^ e r  ,  a nTI  A mer  i can  Journa  1  oT""Ttrys  i  c's  »     H n c e 
a  tea  cTi  cY'  g  cTe  s  h  e  yon  d  h  i  s"  computer  system's   iTbrary  of  stored 
]:>rograiiis  ,  however,  computerized  simulation  becomes  more 
difficult;   this  brings  up  the  question,  how  can  a  teaclier 
modify  a  prepared  simulation  to  meet  his  particular  needs? 
Tlicre  arc  two  reasons  wliy  one  would  need  to  make  modifications. 
I'/rst,   the  program  may  need  to  be  altered  in  order  to  make  it 
compatible  with  the  computer  system  being  used.     This  could  range 
from  a  simple  cl^.ange   in   format  to  a  possibly  complex  translation 
into  a  different  programmipg  language.     The  other  reason  for 
altering  a  program  would  be  to  change  the  actual   simulation  so 
til  at  it  would  be  a  more  effective  learning  ai<le.     This  too 
could  require  eitl^er  a  minor  or  very  complex  mod  i  fi  ca  t  i  oji . 
In  eit'ier  case  tl^e  novice  programmer  will  no  doubt  want  to 
^'^eeV  help,     Op   the  other  hand,   the   teacher  \<\th   some  profi  r  ami'M  ng 
expi^rienc^  jnny  decide  to  make  the  cha.iges  himself,  depending 
on   thv  d(\rree  of  complexity  of  the  modification  and   the  ex- 
tent  of  his  ]irog  ramming  alnlity. 

romputer - a i ded  simulations  are,  of  course,  developed  hy 
people.  There  is  no  tfieoretical  reason  why  a  toac)^er  might 
not  develop  his  own  simulations.  In  actuality,  however,  it 
is  generaUv  a  time-consuming  and  difficult  task  to  develop 
a  good  simulation.  Thus,  it  is  a  task  that  should  not  be 
lightly  undertaken  by  the  typical    foverwork'cd )  teaclier. 

The   i'v)l  lowing  are   four  examples  of  simulations.  These 

were  taken  f  ror^  the  I'ewl  ett -Packard  !,ibrary.     (These  are 

representative  of  the  approximately  seventy  simulations 
1  isted   in  the  !l.r.   Manurl  s.  ) 

The   first  cxam]>le  is  called  S^OLUT.      It  was  developed  l^y 
the  Huntington  IT   Project.     An  actual   run   is  s^>own  in  order 
to   illustrate   fl)   the  format,    (?)   the  variety,    f3)  the  input 
needed  by  the  stviclGnts,   (A^  the  preparations  needed  by  the 
students,    fS)   the  different  output  displays,    f 6)  the 
accompanying     instructionn  in  the  program,  and  (7)  other 
^    res   fsuch  as  language,  error  messages,  etc.)  Comments 
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are  written  throughout  the  output  from  the  computer  run. 
Note  tl^at  the  underlined  portions  arc  the  responses  of  a 
student   (  i.e.,  student  input). 

V.'ATI-.R  POLLUTION  STUDY 

IN'STRlfCTIONS  (l-YfS,  0=N0)  ?  YHS   (Note  that  student 

makes  a  mistake  here.) 
?   INPUT  DATA  NOT   IN  CORRP.CT  PORM -  -  PI  RASL  RPTYPP 

(Machine  is  proprammed  to  respond  to  such  errors 

?] 

IK  THIS  STUDY  YOU  CAN  SPPCIFY  Tiifi  POLLOWING  CUARACTPR  T  STICS : 

A.     TUP  KIND  OF  HOUY  OP  WATFR : 

1  .  I,ARnp  POND 

2.  LARGP  LAK); 

7>.  SLOK-MOVING  RIVPR 

4.  FAST- MOV IMG  RIVPR 

p..     TUP  WATPR  TPMPPRATURI:   IN  DPGRPPS  FAURPNUPIT: 

c.     TUP  KIND  OF  WASTP.  nUMPPD  INTO  TUP  WATPU: 

1.  INDUSTRIAL 

2 .  SFiWAGP 

n.     TUP  RATP  OP  DUMPING  OP  WASTP,    IN  PARTS  PPR  MILLION  (PPM) /DAY. 

P.     TUP.  TYPi:  OP  TRPATMPNT  OV  TUP  WASTP: 

0 .  NONP 

1.  PRIMARY   (SPDTMP;NTATTON  OP  PASSAGP  TflROUGI'  FINP  SCRi'.PNS 
11";  RPMOVI"  GROSS  SOLIDS) 

2.  SPCONDARY  (SAND  FILTPRS  OR  TiiP  AGTIVATPD  SIUDGP  MPTIIOD 

TO  RP.MOVP  DISSOLVPD  AND  COLLOIDAL  ORGANIC  MATTPR) 
************************** 

BODY  OP  WATPR  ?  3 

WATPR  TPMPPT^ATURP?     64  (Input  underlined) 

KIND    OP  WASTP?  1 
DUMPING  RATP?  1 1 

NPW  YORK  CITY  ONLY  POLLUTPS  ITS  WATPR  AT  TUP  RATP  OP  12  PPM/DAY. 

MAKP  YOUR  RATP  BP.TWiiPN  0  AND  14.    (Note  the  response 

and  comparison.) 

DUMPING  RATP?  6 
TYPP:  op  TRPATMPNT?  1 

DO  YOU  WANT:     A  GPAPU  (1),  A  TARLP   (2),  OR  BOTU  (3)   ?  3 
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OXYGl-N  COKTr.NT  WASTI:  CONTl'NT 


(  r 

8.11 

2.67 

1 

7  . 9 

S  .  3  r, 

1 
<~> 

7  .  F-4 

7.43 

X 

7  .  2  3 

.  0  f) 

^1 

'  1 

10  .  31 

K 
,} 

6  .  7  '1 

11.28 

6.64 

12.04 

7 

6  .  S  2 

12.63 

6.43 

1  3  .  OX 

0 

6.36 

13.44 

1  0 

6  .  3 

13.71 

1  1 

1  1 

6.26 

13.93 

1  7 

6.23 

14  .  0<^ 

6  .  2 

14.22 

6.18 

14  .32 

6.16 

14.4 

6  .  1 

14.46 

1  7 

6.14 

14  .S 

i  (  1 

6.14 

14.54 

1  Q 

6.13 

14  .57 

6.13 

14.59 

>i  1 

6.12 

14.61 

22 

6^12 

14.62 

2  3 

6.12 

14.63 

24 

6.12 

14  .64 

2S 

6.12 

1  4  .  6  S 

2  6 

6  .  !  1 

14.65 

27 

6.11 

14.65 

28 

6.11 

1  4  .66 

29 

6.11 

14  .66 

30 

6.11 

1  4  .  66 

TIMF 
DAYS 


n  .  oxy(;i:n-S(:ai,i;  s. .  .osy(;v>-sca\.v  . .  .  in.  .  .oxYciiN-srAi.i: . . .  is 

o!  !wASTi".  .10.  .SCAIJ",  .20.  .  IVAST); .  30  .  .SCAM".  4  0.  .WASTT.SO.  .SCAM".  60 
I  -I  T-  1 T  ■  T  1 


0  [      IV  0 

1  I       W  0 

2  I  0 

3  I         v:  0 

A  I  W  0 

5  I  \V  0 

6  I  0 

7  I  W  0 

8  I  K  0 
n  I  W  0 

10  I  V.'  0 

11  1  v;  0 

12  1  \<  ^ 

13  I  v:  0 

14  T  v:  n 

ERIC*'^^''''  ^-ONTf-.NT  AM!)  OXYGI'M  COXTiyT  WTF.I,  RI'MATN  AT  TITSl-  F.r.Vn. 
'ffm'i,  ONF-;  OP  TF!li  VAF?[ARI.i;S  CFIANGPS. 
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ANOTllIiR  RUN   (1«Y['S,  0  =  N0)   ?  I 

Notice  the  outline  structure  tbat  the  simulation  is  written  in, 
thusrjMking  it  fairlv  easy  to  follow,     Tf  an  individual  were  :\ 
slow  reader,   ho   is  not  rushed  to  finisli  tt^e  rcadinj;.     After  the 
teletype  ha?  printed  the  words  'T^onv  or  WATTR?'\   it  will  dn 
nothing  else  until  the  student  responds  hy  tyninp  in  a  ruuMuM* 
from  '1"  throuf^h  "4'  .     The  student   is  tlien  asVcd  to  i^rescrihe 
the  temperature  of  tlio  water  and  the  specific  typo  of  waste. 
Then  he   is  allowed  to  determine  the  amount  of  waste  placed  in 
ttic  water  and  the  sjiecific  type  of  treatment.     fAgain  this  is 
done  hy  typing  numhers  which  act  as  codes.)     After  typinr^  all 
of  the  information^  the  student   is  even  j^iven  a  choice  of 
diisplays   (p.raph  or  talkie  or  )>othl  .     However,  this  does  not  oiul 
tlie  simulation  as  the  student  pets  a  ciiance  to  redo  tlie  sinulation 
and  thus  cliange  any  parameters  if  ho  wislies.     In  making;  repeated 
runs  with  some  responses  chanpe<1,   the  student  could  ol^tain 
comparative  data  and  tlius  try  to  determine  some  conclusions  as 
to  (1)   the  effectiveness  of  the  types  of  treatments,    (2)  the 
diffcre^^ce  in  the  ease  of  pollutin^^  various  types  of  water, 
(a)    the  effect  the  tem]icrature  has  on  the  pollution  of  a  hody 
of  water,  etc.     The  instructor  could  determine  if  a  student 
could  interpret  ta1>iilar  or  granh  data. 

In  tlie  next  throe  exam]>les  a  d(?scription  of  the 
nropr:ins  ^vill  he  provided,  hut  no  actual   runs  will  he  produced  as 
was  done  for  the   first  example. 

I, AUDI?  consists  of  an   interaction,   represen  t  i  n^'. 
collective  ha  rp,a  i  n  inj^, »  between  students.     One  or  more  proun*^ 
of  students  are  used   for  several  periods.     (Tlic  time  is 
optional.)     f-ach  groun  splits  into  two  smaller  [groups  to 
represent  t\\c  role  of  management  and  the  role  of  labor.  The 
sinulation   involves  the  following   issues:      fl)   duration  of 
contract,    f2)  wage  rate,    f3)  work  hours  per  week,   (4) overtime 
and  overtime  wage  rate,    fS)  vacation  days  per  year,  (6) 
number  of  paid  holidays,    (7)  days  of  sick  leave,  and  (8) 
bonuses  and   insurance.     Before  using  the  simulation,  the 
student  should  he  familiar  with  each  of  these  issues.  l>uring 
the  bargaining,   if  no  agreement  is  readied  in  a  length  of 
time,  pressure  is  applied  to  both  management  and  labor  to 
end  the  striket     If  a  deadlock  occurs  in  negotiations  or 
the  negotiations  extend  for  a  'long"  time,   the  computer 
arbitrates  and  both  sides  must  agree  to  the  terms.  More 
interaction  before  and  during  the  simulation  is  accomplished 
between  students  in  the  LAPOR  example  then  in  the  POM^T 
example,    (Tndoed,  this  sinulation  can  be  run  without  the  use 
of  a  computer  if  desired.) 

The  third  simulation  is  entitled  W!'r"hLS.  This 
Rodel   simulates  some  of  the  economics  related  to  the  ownership 
of  an  automobile.     It   involves  the  purchase  and  maintenance  of 
a  car  for  a  period  of  one  year.       Some  of  the  facets  involved 
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;u'('    (1)    tlie  niftlunl  of   fi  tk'uu' i  Tip  »    (?)   tbi'  c^'oxrc  of  insnrnncc^, 
(")    t       rio?ho<l  o\    rocordinr  t  It  c>:pons('S,  o!c,     T}ic  coKi]>ntor 
plnys  :i  vorv  active  pnrt    in  t^t!;  siinulnti(Mi   in  tli;^t    it  raiMlomly 
tlrtorn-inos  daily  oxpcMisc^,  inuvx  prM*  t  o<l  r^vonts  ^^oicli  a'-^  acritUMits, 
n^aitn'  repairs^   an*'    irur^'asi^  (u   Jrcroasr   in   i  n^*  ii  r  a  ncj*  rates. 
This  projMMn   i cloperuUMit    en  el  her  r>at<^rials   ttuat  can 
purclKised  iOr  S.'.Sn   fen-  a  sample  sc^t    for  a  teacher  or  <>'in.fH! 
for  etioii.eli   to  outfit   a  class  of  .'"^fi  students.      (Ml   of  the 
M^alerials  nav  he  used   rcpeateil  1  \' ,   thus  maVinj^  the  init  ial 
cost   t  lie  on  I  v  one  .  1 

Tlu'   fourtt^  example   is  called  I'nni: .     [lie  conputei 
rrajWiically  c!isi>lays  hydroj'en  emission  sj^ectra  arul   the  student 
must   decid-'  wliicli  onerj:'y    I  iut  1    transitions  are   rc-sponsihle  \or 

lines  of  the   s)v^ctruin   that    \\c   !ias   cliosen.      If  that  is 
done  ai'curat    1  \' ^   tlie  student    is   theti  risi-fMl  t  f>  detennifie  the 
eiu^rrv  of  photcMis  eiiMtt(»d  hv   \\)r  electron  as    it    '  ['alls'  ht^i\'fM'p 
certain  ener^^y   Icnols  iitter  sonr  pxnlanalM^n   is  out]^ut  l>y 
the  computer.     I'ouever,    iT  th^^  student    did  not  estimate  the 
eneri'.y    level    transitions  corrtntlv,   then  he   is   tutored  hy  the 
computer  tfjroui^h  six   stoj^s  of   i  tis  t  ruct  i  oti  .     This  sinnilaticui 
is    i  ndc^pciulen  t   of  s  up]>  1  emen  t    rv  renter  ial    sucli  as  \^*as  needrMl 
Tor  exairp  1     t  h  re<^ . 

'^u^re   art^   <one     i  i>i  1  a  r  i  t  i  (^s   C(^]i^puhi  to  all  lour 
thc^  simulations  descrilMvl.     howevc^r,   there  are  also  man\' 
dirferences.     This    ]<  true  of  all    cor^ou  t(M' -  a  i  dec^  s  i  rni  1  a  t  i  (uu*.  . 
TImis  ,    it    is   imperatix'e   that  an    instructor  he   fullv  av;are   o  (' 
thc^  cotUent,   nature,   and  struct  tir^^  of  anv  con^pu  t  e  r  -  a  i  ded 
simulation  tliat   ):e  nishes  to  utilize   in  a   tcacliinp  sitiiatifwi. 
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Tlic  Ciiido  to  Simnlations/{(ames  for  rduc^tion  and  Trnininn 
Second  I'dition.     Pnvid  W.  Zuckorman  and  Robert  Horn 
1  n  f  oriiKi  t  i  on  !'c  sources 
WO.    Uox  '117 

I.exi  npton  ,  ■  lass achuse 1 1 s  (1217^' 

P>asic  i^roprain  l.ihrary  IFaiu!l)Ook 
Hewlett-Packard,  So f twn re' Center  ,   linoo  Wolfe  Rood 
Cupertino,  CA  95014 

rr,s,(M072) 

iLP.   l-ducational  i^^ers  Group  l^orj^.rnm  Library  Vol,  1,11,111 
Ilewlet  t 'I^ackard ,  Software  Center,   5  1000  Wolfe  Road, 
Cupertino,  (^A  Osoi^ 
(1\S,(;,1P72) 

Hunt  in p ton  ComiMiter  Project 

I\)lytecbnic  Institute  of  Brooklyn,  33:^  Jay  Street 
Urooklvn,  NY  11201 

rsi 

Tnst  rue t ion a 1  Sinulat ion  He si 
P.O.    P>ox  3330 
I. con  Station 

Tal 1  abas see  ,  Florida     32  303 

Public  Policy  Pesearcli  Crpanizntion 
University  of  California  at  Irvine 
Irvine,  CA  92664 

PPACn'  Curriculum  Pnits 

.V'ortbwest  Pegionnl  Pducational  Laboratory,  710  S.K.  Second  Ave. 
SOO  bindsay  Buildinj:,  Portland,  OR  97204 

Secondary  Scbool  Publication 

Ki  ewl t  Computational  Center 

f'ar tniou tb  Col  lege 

Hanover,  Nov;  Ilampsbire       0  375  5 

(P,^>,f^) 

:  jmulation  and  Games 
Sa^^e  Publications,  Inc. 
275  S .   Hcvcrly  Drive 
Beverly  Hi  11 s ,  CA     9021  2 

Simulc'ition  Councils,  Inc. 

P.O.    Box  2228 

ba  Jo  11a,   CA  92037 

Teen i  ca  Books 

Tecnica  5-ducation  Corporation,  330]  Vincent  I^rive 

Pleasant  Hill  ,   CA  94.523 

CP) 
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of  curriculum  nu'itcrinls.     Tli  i  s  N'rM  ituinl   Scirnco  lounclation 
rundcJ  project   uses  roin]njters  ,'it  Oroj'on  Stntc  lUnvorsity, 
^!ortl1  v'.irol  i  nn  I  ducat  ionn  1  Tomput  Vnj'  Scrvi  cr  ,  ilnrtmouth 
('oll(M^o,  and  the  ifn  i  vo  r  s  i  t  i  r  s  of   Iowa  arul  Texas.  IVritc  to: 


r^omput r  r  ('enter 

Ororon  State  Ihiiversitv 

(^orvnl  lis,  OR  ^77,3] 


('on  fore  nee  Pei^or  t  s 

Conference  on  Computers  in  tlie  ihuh^rjzrncJua to 
f'urricula*    fconfcrenccs  \^ere  licld   in  l'^70,   V^71,   ]^^72,  1^73. 
Tlicsc  reports  are  an  excellent  source  of  ideas   for  the  in- 
structional use  of  coF'puters  at  the  coIIcro  level.) 
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^^ly^riON        pA(:ka(;i-:i)  pkdgiwms 

by  vlan  Moursuiul  ^  nd  V/ally  V/aldinaii 
M.  is  noHsiblo  lo  wi  iLn  <:omfMRor  j>rof]  rrrirns   \  n  a  for  in  so  thai,   Uit^y  (nui 
iu»  U';o(l  l)y  f><woono  vho  dc^ns  not  know  how  to  f^roqram  a  r'OT^\p\U-or.  Such 
Di'ocjranis  can  ho  '.Uore<l  ot\  avi  auxiliary  jitoraqe  dovicc   (disk,  maqntitic  t.ij^o, 
Vvij)er  tape,  punch  cards)   and  brought  into  the  cotnputcr  momory  when  needed, 
rt  is  common  to  refer  to  these  programs  as  "packaqed"  or  "canned"  proarams . 
A  library  of  packaged  oroqrams  is  a  critical  v;art  of  the  software  of  a 
< :o\r\p x 1 1  or  i n s t a  1 1  t i o , 

Any  computer  program  v;hich  is  made  accessible  to  someone  other  than 
the  oriqinal  program  writer  miqht  he  clvissified  as  a  packacjod  picxjraru  In 
ttiis  <,irticlo,,  however,  wo  are  concerned  primarily  witli  pro(jrams  dc^sbpiod 
t,o  ^jolve  specific  tyr^es  of  ^irobl(Mns.     Thus  we.  ar^i  not  concerned  wUh  coui- 
[-U  I o riA  ,  ass r:ml)  1  e r s  ,  or  o l:h o r  m a i o r  i t em s  of  sy s t ems  so  f  tv;a r c^, .     l\a r  a r c.«  W( ^ 
concerned  with  CAI   (compuper  assisted  instruction)   systems.     'I'^/fncal  "cat\~ 
didatos"  for  inclusion  in  our  category  of  packaged  programs  w^ould  be  a  pro- 
gram to  solve  a  linear  system  of  equations,   a  program  to  compute  an 
orbit  of  a  ivlanct  given  several  observations  on  its  location,  or  a  program 
to  c'ompute     the  « ^'orre  1  ation   between  two  sets  of  measurements. 

In  order  to  consider  the  use  of  packaged  programs  in  education,   it  is 
necessar/  to  look   first  at  a  broader  question:     to  what  degree  is  it  valua- 
ble to  relieve  tlio  student  of  the  necessity  of  actually  manij)u J  ating  his 
data--'Of  "getting  hi^  hands  dirty"  with  computations.     One  might  argue  for 
instance,    that  children  no   longer  need  learn  mvltiul  ication  t-.ibles,  but 
iristead  should  use  electronic  desk  calculators  to  solve  simple  arithmetic 
problems;    few  educators,  we  suspect,  would  accent  such  a  proposition. 
the  othier  hand,   it  makes  sense  to  many  teachers  to  allow  students  to  use 
square  root  tables,  desk  calculators,  or  slide  rules,   rather  than  go 
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throiujh  the  lal)OL  of  oxtractinq  square  roots  by  hand.     It  r>ooms  clear  that 
thoro  arc  cortaiii  cIags^s  of  problems  wliicli  studont*^  need  to  learn  to  han- 
dle without  niochanical  help,  and  that  there  arc  otluirs  in  which  thf  av.nl- 
ability  of  an  "oiv:w(^r'^  i^;  consirlorably  m)io  inif)ortant  tdian  tl\e  ![U3<ms  by 
which  that  anj-iwor  wcir>  obtained.     The  1  Ln(^  between  the  two  iri  fu7./y  and 
at  times  all  Imt  invLsible.     f^cvertholesiJ ,   the  two  categories  do  exist. 
"It  is  vjseful  to  distinguish  between  day  and  ni(jht^\  the  statistician 
S,  S,  Stevens  con^jnonts,   "despite  the  penumhral  passage  through  twilight," 
Pecoqriizins}  that  there  is  indeed  a  "twili<7ht  area"  we  shall  in  the  next 
few  pages  attempt  to  restrict  or  attend  to  the  class  of  problems  for 
which  access  to  solution  is  more  important  than  mechanics  of  solution.  In 
the  context  of  this  class  of  problems  packaged  programs  represojit  some 
truly  exciting  possibilities  for  education. 

The  student  who  wishes   to  vise  a  packaged  program  must  deal  with  thro<? 
sots  oi'  skills:     selection  of  the  pro}>er  ))ackago/  pr op.ua tiori  of  iM[>ut 
materials,   and  interpretation  of  output.     Kacl;  of  these  sots  has  some  im- 
portant implications   for  the  learning  j^rocess,  and  we  shall  consider  each 
in  turn. 

Selection  of  the  Proper  Package 

In  order  to  choose  ^in  appropriate  progra^^  to  solve  a  given  problem 
one  must  first  recogni^.e  the  problem  fits  the  problem  class  represented 
by  the  program.     In  other  words,  one  must  be  al^lo  to  generalize  from  a 
opocific    problem  to  a  general  model— one  must  be  a}:)lo  to  find  the  common 
dimensions  or  characteristics  held  by  one's  particoilar  problem  and  the 
v/hole  class  of  similar  problnm^    to  v;hich  it  belongs.     Learning  to  recoq- 
riixc  t-}(f^3o  r-datiunshij^:;  often  requires  a  clear  understanding  of  the 
nature  of  the  problem  and  the  logic  of  its  solution;  developing  such  an 
understanding  is  frequently  much  more  beneficial  to  the  student  than 
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It/atninq  to  work  hl.s  way  throurfh  a  "cookhiKjk solution. 

!  U'  ^^luali<>ns,     'du^    loneral  o<|uati.on  is  of  f:hn   rc>rra  ax'  i  hx  + c -0  wlu^ro  a, 
o  aro  5U)0(M,  fied  in  a  cfiven  problem.     A  rolativolv'  sjnall  subcl<u5s  of 
suoh  j)robl.oms  coJisisfs  of  the  casos  whore  a-l   and  the  solutions  are  inir*- 
qors .     M'hvis  one  could  teach  a  unit  on  solving  such  equations  as  x^-'Sxir^-  n 
and  liavo  s.tucionts  learn  technic^uos   (try  each  tactor  of  "c'*)  wliicli  arc  es- 
fjecially  suited  to  this  small  ^^rohlem  class.     We  knov;,  of  courscr  that 
it  is  r)ossible  to  give  techni<:{ues  to  solve  anv  quadratic  equal  loru  Com- 
T)lotinq  the  square,   and  use  of  the  quadratic  formula  are  two  such  terhni- 
(|uos .     Hut  quadratic  equations  are  themsc^lvcs  a  ruibclass  of  all  polynomial 
equations*     lolynomial  equations  are  a  subclass  of  all  alqebraic  erfualions, 
AbH^braif'  r    lat  Lons  are  a  sul>class  of  all   noT\l  inc  ur  c'luations   in  ot\r  un- 
known.      It  rnqVit  1)0   that  one  would  want    to  teach  and/or  discui-;s  in^ a-.iirxh;   I  or 
solvin^^i  a  qt^neral  nonlinear  equation,  and  to  teach  studentrj  to  recoqn  i  j'.^.' 
when  a  r>rohlen  falls   into  this  category.     Tiiis,    in  conjunction  with  a 
nackaqed  r;rouram  to  solve  nonlinear  e^juation  might  i^e  more  valuable  than 
rri^-mt  1  r  i  zi  nq  the  quadratic   fonnula  and  developing  skill  in  its  use. 

(^onsidor  for  a  moment  the  effects  of  incorporating  packaged  progr<i[as 
into  a  hi  gl)  school  physics  course.     There  is  a  program  called  DKCAY2  in 
the  Hewlett-Packard  library  that  can  handle  a  variety  of  pr  .:ilcms  dealing 
with  nuclear  decay.     Students  studying  this  phenomenon  may  use  geiger 
readings,   measures  of  time  and  mass,   or  the  like  to  gain  an  understanding 
of  what   is  happening.     With  access  to  the  DF:CAV2  program  they  can  look  at 
"i.any  more  sets  of  data  than  wouid  otherwise  be  oossible,   and  at  the  same 
f  i.r  ;o  cat.   ''  ^cus  on  the  nature  of  the  relationsh  i.ps  involved  rather  than  on 
the  detu..  ..    <  arithm<etic  computations. 
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^ ' ^ ^'ll?S}^ ^ -^QH  of  ^nput  Ma t ojrials 

This  skill  se>t.  broc^kr,  down  into  two  m.iin  parts:     lGa)ninq  to  vcad  and 
utilizo  program  documentation,  and  loarjiuvj  to  physicTally  orfjanizo  anci  prr;- 
parc  one's  data. 

Prepared  proqroms  of  the  sort  found  in  computer  center  libraries  usu- 
ally are  accomjumicd  by  documentation:     written  accounts  of  what  the  pro- 
gram intended  to  do,  how  it  works  (in  vaiying  amounts  of  detail,  depend- 
inq  on  the  program)   and  instructions  for  inputting  data*     Wliile  docu- 
mentors make  every  effort  to  write  these  accounts  clearly  and  simply,  it 
is  inevitable  that  they  develop  some  formalized  terminology.     Trying  to 
work  one's  way  through  the  documentation  of  a  complicated  program  in  itsolf 
can  load  to  a  better  understanding  of  and  new  insights  into  the  solutioji 
process . 

Orqanizircj  one^s  data  carefully  requires  a  certain  amount  of  self- 
di.scipline;  here  too,   the  very  process  of  orqani:5ing  will  often  help  the 
student  to  understand,  at  an  intuitive  level,  the  nature  of  the  problem. 
Particularly  in  problems  where  large  amounts  of  data  are  common,  organiza- 
tion for  computer  analysis  makes  the  student  painfully  aware  of  the  imr.li- 
catiors  of  missing  or  mis-labeled  information.     Moreover  the  demands  of  the 
input  devices  of  the  particular  computer  system  being  used  xmy  provide  the 
student  opportunitv  to  faiiiliari^o  bimsel^  wit-,h  the  teletype  terminal, 
th^i  keypunch,   the  cathode-  ray  tube,   the  paper  tape  punch,   the  optical  Sf:an- 
nor,    irvl/or  t;  e  other  ar-riliar^^  nachinrry.     In  addition  to  being  a  valuable 
jjart  of  his  education  in  and  of  itself,  working  vvath  these  sorts  of  tools 
IS  usually  very  interesting  to  the  student  and  serves  as  a  strong  moti- 
vafor  for  working  with  the  problems  at  hand. 
^■Jl}-  '1  }:  ^  t  a  t  i  o  7'i  o  f  ^yu  tp  u  t 

A  part  of  the  documentation  of  eac}i  program  will  indicate  the  form  in 
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whid\  solutionis  are  output  by  Mie  program*     ^H-jmetimeii  this  output  is  very 
5;im|Wo  and  5;traiqht forward.     The  output  dovico  laay  simply  print  "TilK 
ANSWI'R  rs,,.",   for  instance.     Othor  outputs  may  bo  complicated  graphs, 
charts,  and/or  tables.     Loarninq  to  interrprot  and  make  sense  of  the  '''Utput 
rerjardloss  of  its  complexity,   is  aqain  an  adjunct  to  understanding  the 
underlying  nature  of  the  f>roblem. 

In  a  l)ro.idcr  sense,  we  may  think  of  usinq  the  out^^ut  of  a  program  as 
a  Liieans  of  undorstaruiing  the  relationships  among  the  variables  dealt  with 
in  tiiG  r>roblem.     Programs  can  be  run  over  many  sets  of  data,   in  order  to 
demonstrate  the  effects  of  manipulating  one  or  more  variable.     In  the 
nuclear  decay  program,   for  example,   the  number  of  radioactive  particles  in 
a  sample  may  be  studies  over  varying  lengths  of  elapsed  time  and  original 
mass.     A  financial  program  BANK  (Hewlett-Packard  library)   cati  be  used  to 
show  hov;  a  savings  account  balance  is  affected  by  interest  rates,  with- 
drawals,  and  deposits,   and  frequenf:y  of  compounding.     Another  widely  avail- 
aljlc  :.roqram,   i'KOSYN  (hev/I ett-Packard  library)   demonstrates  relationships 
hotween  carbon  dioxide  concentrations,    light  intensity,   and  nhotosynthes- i  s 
in  pdants.     Again,    it  should  be  cmv^liasized  that  the  major  gain  to  tl^e 
student  ih  not  the  solutions  themselves,  but  the  opportunity  to  study 
many  sets  of  solutions  and  work  out  an  understanding  of  the  relationships 
reflected  in  them. 
Sources  of  Programs 

The  bibliography  following  this  section  lists  a  number  of  sources  of 
programs.     Additionally  most  computer  installations  have  program  libraries; 
t>,e  potential  \iser  should  check  with  nearby  installations  to  find  out  what 

aviilah'le  locally.     ^no  najor  advantage  of  using  locally  availalile 
programs  is  that  one  is  usually  assured  tViat  the  program  is  compatible 
Q    the  local  computer  system.     The  teacher  need  only  run  the  program  to 
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make  doii};ly  sure  it  is  suited  to  his  students*  noeds  (and  that  ho  or  r>ho 
knowi:  how  to  use  it)  ar.d  he  in  ready  to  co. 
Sources  of  l^rograms 

A  major  failing  of  the  computer  science  field  is  its  continued  re- 
invention of  tile  wheel.     For  any  simple  problem  solving  application  that 
one  can  readily  think  of,  probably  thousands  of  different  packaged  proqrain/i 
have  been  written.     Almost  for  sure  a  program  to  solvn  the  problem  is 
avail£iblo  in  a  half  do?:cn  different  computer  manufacturer's  program  lib- 
raries, and  hundreds  of  different  computing  center  libraries.    The  point 
is,   Look  before  you  programl     Look  first  in  your  local  computer  center's 
library.     Look  also  in  the  private  libraries  of  your  fellov?  teachers 
and/or  other  friends. 

If  you  must  look  further,   then  the  task  becomes  more  difficult.     If  a 
program  is  in  a  library  not  on  the  local  computer  system  there  will  usually 
be  changes  that  must  be  made  before  it  can  be  implemented  on  that  system. 
Unfortunately,  the  variety  of  computer  languages  and  hardware  now  in  u:5e 
frequently  causes  serious  diffi:ulties  in  shifting  a  program  from  the 
iibrai-y  at  one  institution  to  the  library  of  another.     For  example,  BASIC 
IS  not  a  standardized  language.     This  means  that  different  computer  manu- 
facturer's versions  of  BASIC  differ  considerably.     A  BASIC  program  that 
runs  on  the  Hewlett-Packard  2000-C  will  probably  need  modification  to  run 
on  a  PDP-IO  or  PDP-8. 
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INPORMATFON  (M/nurVAL 

by  r 1 i  f  r  Burns 


1  ril  rodnct  ion     Socioty  ns  wc  l<noK  it   is  )wtso(!  on  information 
s  t  orapo' "aiuV  ret  r  i  ovn  1  .     )"vcn  l^cforo  the  dove  1  opmont  of  natur;il 
1  .'injuia}M>s  one  person  could  s)iow  another  bov;  to  do  somotl)inf 
(hoK  to  liunl )   and  tliat   information  could  he  i^asscd  down  from 
j^cnoration  to  renoration.     The  development  of  speech  proatly 
facilitated  the  acciuisition  and  transfer  of  know1edp,e.  lUjt 
the  human  memory     is  fallible,  and  much   important  information 
may  l^e  lost  witli  the  death  of  a  key   individual.     Thus  the 
development   if  pictorial  methods  of  storing  information, 
and  eventually  writing,  vv'ere  critical. 

A  tremendous  sten   forv/ard  :iccurred  as  a  result  of  the 
development  of  the  printing,  press.     ^U^lt^ple  copies  of  im- 
portant  information  could  l^e  published  and  widelv  di  st  rib\i  ted  . 
(.itcracy   for  the  masses  became  a  possibility,     ^!ore  and  more 
))eople  were  not  constrained  by  only  having,  available  the  in- 
formation tJiat  tliey  could  store  in  their  heads. 

The  past   inn  vears  liave  seen  an  ever  onickeninr  nace  of 
^Miman  accjuisition  of  information,  and  of  development  of 
metliods  and  m.aclunes   for  storage  and  movement  of  information, 
.^'ow  radio,   telephone,   teleprapli,  nnd  television  allow  the 
rapid  movement  of   information  over  vast  distances.  Information 
is  storcti  on  paper,   film   fincludinp  microfilml  and   in  manv 
computer  reducible   forms  such  as  punclicd  cards  and  magnetic* 
tape . 

It  took  about  seven  years  to  process  the  United  States 
census  information  patbered  in  18?^n.     IMiripp  that  time  it 
became  evident  that   increases   in  population  from  1«9fin- i^op, 
plus  an  increase  in  tl^e  amount  of  information  it  was 
desired  to  collect,  would  mean  the   IROn  census  data  would 
not  l^e  processed  prior  to  time  to  be^^in   tlie  1  ^UHi  census. 
Thus  there  v;as  strong  motivation  to  develop  new,  faster 
11).  L'hods   for  storing  and  processing  such   information.  !'erman 
bollorith  developed  the  punch  card  and  associated  unit  record 
C(|uipment   for  its  use.     Using  bis  equipment,   the  189^  census 
information  was  processed   in  just  t>^ree  years! 

The  M.S.   government  continued  to  be  a  ver)'  large  user 
of  automatic  data  processing  equipment.     V'ben  computers  first 
became  commercially  available  (If^Sl)   the  Census  Bureau  v/as 
the  first  customer.     fomputcrized  information  storage  and 
retrieval  has  made  rapid  progress  in  the  past  20  years; 
overall,  however »   the  field  is  still   in   its  infancy!  This 
article  discusses  some  of  tlie  key  ic^eas  in  the  field, 

V.'liat    is   I  n  f  orjna  t  ^  on  ^Vtrieval? 


Intel  li^^ent  information  in  the  form  of  handwritten  or 
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printctl  I'uUtcr  cin  ho  collectively  <^osrril^c(I  as  records.  In 
;i  librrirv,  some  of  t])o  common  rec(U*(ls  tlu'it  wc  encounter  iiro 
the  bonis,  po  r  i  oti  i  c?i  1  s  ,  and  the  cnrds  of  the  card  catalop,ue. 
A  record  t^^•lt  most  educators  arc  familiar  \vi  tl^  is  the  locator 
card  which  is  a  condensed  version  of  the  data  contained  in 
the  permanent  record   (suc)i  as  name,  parents'  names,  address, 
plione  number,  class  schedule,  ctc»)  which  arc  kept  on  each 
student  enrolled  in  school.     I?ecords  can  he  gathered  into 
orp.anized  collections  from  whicli  information  may  be  extracted 
as  the  need  arises.     The  field  of  information  storape  and 
retrieval   is  concerned  witl^.  the  methods  of  creating  and 
manaRinp  collections  of  records  to  facilitate  the  recovery 
of  pertinent  records.     The  use  of  information  storape  and 
retrieval  systems  is  an  everyday  experience  for  almost 
everyone.     Some  examples  of  commonly  used  systems  are:  the 
library,  correspondence  files,  checking  accounts,  telephone 
directories,  and  even  the  dictionary.     As  each  of  those 
systems  j'^rows  in  size,  a  point  will  ))e  reached  at  which 
tlic  manual  process  is  not   fast  enouph  and  automated  systems 
arc  considered.     The  development  of  an  automated  information 
storage  and  retrieval  system  not  only  demands  the  develop- 
ment of  technology  and  tecliniques   for  storing  and  manipu- 
lating records,  hut  also  the  improvomont  of  our  understanding, 
of  the  ways  that  people  make  associations  and  value  judgments 
and  better  nmthods  of  predicting  ^chat  the  information  needs 
will  he.     Bocau^ie  of  the  cost  of  automating  an  information 
storage  and  retrieval  system,  one  must  not  only  meet  today's 
needs  hut  must  predict  with  good  accuracy  what  the  needs  of 
the  user  will  he  five  years  from  now. 

Operationally,  all  information  storage  and  retrieval 
systems  employ  three  basic  processes:     the  analysis  of 
records,  creation  of  neve  records  from  old  records,  and  the 
movement  of  records  over  distances.     The  centra^  element 
in  the  system  is  the  analys i s, because  the  creatfon  of  new 
records  and  the  transmission  of  records  if  determined  by 
this  phase »     Analyzing  records  is  the  action  of  comparing 
a  record  or  part  of  a  record   (sometimes  called  a  key)  with 
sometliing  else  such  as  another  record  or  a  set  of  keys  or 
features.     A  satisfactory  comparison  implies  the  ability 
to  recognize  important  parts  of  a  record.     This  is  proh- 
ai)ly  the  most  difficult  exercise  to  commun  icate  -  -  f  rom  one 
person  to  another,  let  alone  to  a  machine. 

An  example  will  help  to  clarify  the  key  ideas  of 
information  storage  and  retrieval:     A  superintendent  asks 
a  principal    for  a  report  on  the  attrition   (dropout)  rate 
for  his  current  graduating  class.     l^o  w^ants  to  know  what 
liapnened  to  large  freshman  clnss  of  four  years  back.  Some 
of  these  arc  now  graduating;  others  left  tlie  iistrict, 
others  drop]^od  out  of  school,   and  many  of  this  yearns 
rra(!uating  class  transferred  to  this  school  after  their 
frosliman  year.     Preparing  this  report  will   requTre  sorting 
out  all   students  who  began  as  freshmen  in  ^-hc  school  four 
years  ago. 


in   tin'   sclio<il    fruir  yor^rs  nyo.     Tlins,   t  Iio  stiulcMit    r<u*or<1  dnt.'i 
kohIiI  I'c  s(M  t(M!  iisinr         m  Vov  t!io  roq\M  romrn t    of  Uoin<^ 
:i   trc^'MM.'it)    in  tlif  scMmxO    four  vc:\r'^^^  njw).  t^ocoids  nf  t  I  i  ^; 

;'rnnp  <>r  stiulents  would   (ben  Im*  sorl(^il   nn  ^        -  "imovcm! 

out   nl    t  lu^  scIkioI   ilisti'ict'  .  rHMiirnninj'  s<M    (if  sttulonis 

;ir(^  tlx*   sfM()rnts  vlio  coiMd  r)Ossi!^ly  ))c  pr<\d\u\t  \      ,  Sortif^j* 
I  !i  r>   list  on  tl'O  I  ov  'is  r  raJunt  i  n p,  ivos  tbo  dnin  fioodod 
t     dc'l(M'niiu^  the  ntt  rit  ion  rot  e. 

An   informnticMt  n^triovnl   systcMn  is  created   in  ri  n  t  i  c*  i  pa  t  i  (mi 
of  the  need   to  retrieve  cortnin   information,     Tims   it   is  earc^- 
fully  i^lnnrieit  and  orpnnizod  to  facilitate  tl^e  retrieval  of 
certain   i  n  forru'i  t  i  on .     Tlio  Veys  tbnt  one  may  vis^i  to  sort  on 
should  he  decideil   in  advance  and  tlic  infornation  that  is 
sforcf!    in  th(^  svstein  should  ho   indexed  nsinj^  those  Veys  .  In 
a  lar^o  ^.ense  tins   is  li1e  indexing  a  l^ook,     ft^rtain  totnc 
headinj^s  are  selected   for  the   index;  naj^o  nunhers  of  each 
refcM'ence  to  these  tonics  are  ,eiven  in  the   index.  Information 
on  !\  tofnc   is  tM'ri(*ved  hy  loolinr,  in  tfio  index,  noting'  tl^e 
paj'.e  rc^ferences,   aiul  tlien  )\oinr  to  the  apprpriate  ]iapes. 
T)i(»se  srtne   ideas  carrv  over  to  tlie  comnnt  or  i  za  t  i  on  of  an 
\  n  f o riMn  t  i  o?i  ret  r  i  eva  ]   s vs t  ern , 

There  are  two  standard  strategies  employed   in  develoninr 
an    information  stora)^.e  and  retrieval   system,     ^ne  notbod 
to  analyze  and  orranir.e  tl^e   information  in  anticipation  of 
certain  specific  ouestions.     As  an  exaTn)>lG»  student  locator 
cards  wouhl  l^e  filed  a  1  phahet  i  ca  1  1  v  hy  last  name;   tl  is  would 
he  pooc!   for  finding  wliere  a  student   is  at  a  certain  time, 
hut  wouhl  he  a  poor  orp,an  i  za  t  ion  if  one  wanteil  to  maVe  a  li^t 
nf  all   students   in  ^Ivs.  Jones  ^   '1th  period  class. 

A  second  origan  i  zat  i  ona  1   stratepv  is  to  avoid  almost  all 
preprocessing'  of  the  records.     l-or  example  >  the  student  locator 
cartls  could  he  in  random  order  and  v;lien  a  question  al)0ut  the 
records   is  asKed  ,   the  entire   information  file  could  he 
searched,  one  record  at  a  time,     Tliis  sounds  inefficient, 
but  can  be  done  effectively  by  tlie  computer. 

In  reality,  most   svstems  employ  a  l>lend  of  the  two  pure 
stratey^icp.     There   i^:  no  reliable  quantitative  puidoline  for 
selecting  the  host  mix  of  these  straterjes  for  a  particular 
system.      ri.o  role  of  tlie  system  planners  and  operators  is  to 
find  an  appropriate  blend  of  nrocessinp  and  service  activities 
that  will  f^ivc  the  best  results. 

A  typical  example  of  an  ini'ormation  storape  and  retrieval 
system  wliich  blends  tlicse  two  strategies  is  a  student  record 
sv^stcm.     Khen  a  person  wislics  to  firul  out  where  a  particular 
student   is  cUirinu  a  jiiven  period,  he  wants  nuick  access   to  the 
i  nd  i  vi  <lual  '  s  record,     Searclanfr  record  hy  record  u^ould  he  a 
slow  process,  Imt   if  tlie  records  are  in  alphabetical  order 
the  search   fusing  the  name  as  the  kev)   can  he  performed  v;ith 
little  wasted  effort.     When  is  time  to  prepare  a  list  of  t!^e 
freshman  class,   the  search  of  all   the  records  usinp  the 
— ^nt  class  as  a  key,  would  select  onlv  the  freshmen  and 
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would  nrotlucc  the  names  in  alphabet  ical  order.     In  a  school 
of  2nnn  students   (about  S^n  freslmen)  which  )iad  an  nuton>ntO(' 
systcTiij  the  above  list  could  he  produced  in  10  minutes;  but 
in  a  scl^ool  with  only  IDO  students   (about  7r>  fre'^^hmen)  the 
list  could  he  procluccd  manually  in  ten  minutes  and  the  in- 
creased speed  of  a  computer  would  not  be  worth  tlie  cost  of 
automating  such  a  system. 

hxamples  of  Some  h.xistinp.  Information  Systems 


Tins  section  discusses  four  representative  education 
oriented  information  retrieval  systems. 

1)     Administrative- -Oregon  Total   Information  vSystom  fOTfS) 
P.)     Ixoscarch- -  rducational  Resources  Information  Center  (l-JUT) 
3)     Instructional  -  -  Interd  i  sc  in]  inary  >^ach  i  no  Process  inp 

for  Research  and  Pducation  in  the  Social   Sciences  flMPRISS) 
^1 )     l-ibrary  -  -Oal<  Ridge  National  Library. 

OTIS- -the  Oropon  Total   Information  System- -was  started  in  the 
111(1-1960' s  h.y  a  proup  of  Orcyjon  school  superintendents,  under 
the  direction  of  Hr.   V'iUiam  P.  Jones,  the  hane  County  TP!^ 
Superintendent.     Financial  support  was  obtained  from  the 
IJ.S,   f^ffice  of  Idtication*     Tt  is  a  cooperative  computer  center 
offerinf,  a  ran^^e  of  data  procossinr.  services  to  educational 
institutions.     Actual  operation  began  in  May  1^6R.  Steady 
f^rowth  lias  expanded  the  services  to  250  schools  with  more 
than  inn,non  students   in  SO  school   districts »  and  several 
community  colle{^es  and  educational   aji^encies  in  Orefion. 

The  orp.ani  zat  ion  currently  operates  on  receipts  from 
member  scliool   districts.     The  basic  charj^e  Tor  administrative 
services   is  '^'S,80  per  student  per  year.     Pour  times  the  volume 
of  servi  ces^  with  lower  expenses  and  smaller  staff^are  now 
providctl,   in  comparison  witli  the  first  year  of  operation. 

Aithouj^,h  not  a  state  or  county  agency,  OTIS  is  organized 
under  the  legal   authority  of  the  Pane  County  IPn,  Guidance 
is  provided  f^y  an  advisory  l^Oc^rd  made  up  of  educators  from 
througjiout  the  state. 

liie  OTIS  system  is  a  large  scale  educational  management 
system.     Tt  suj^nlies  student  services  such  as  those  described 
earlier  as  woll  as  enrollment,  attendance,  mark  reporting, 
student   class  scliedtil  i  ng ,  and  test  scoring.     In  addition,  it 
supplies  business  services,  such  as   fiscal  accounting,  payroll, 
etc.     This  system  can  provide  educational   administrators  the 
abilitv  to  retrieve  from  their  districts^  or  schools'  information 
file  the  data  necessary  for  decision  mailing  and  planning. 

Some  typical   questions  an  administrator  may  ask  of  this 
sy  s  t  vv)  a  re  : 

a)     V.hat  will   be  the  cost  of  teachior  retirement  next  yerir? 
h)     Precisely  what  will  he  the  financial   effect  if  teachers 
are  given  a  three  percent  increment? 


What  was  the  .nrade  froquoncy  distribution  in  last 
year's  standard i zed  tests  in  natbcmat ics?     For  the 
last  tliree  years? 

It:  It;   is  an  oxainplo  of  whot    is  {^onornlly  tormcd  a  doeurtcnt 
retric'val   systera  as  opposed  to  a  data  retrieval   system  siicli 
;is  OTIS.     It   is  like  a  mnssive  1  library  of  all  current  material 
in  the  realm  of  ccKicntion.     It  utis  creatcfl  inulrM'  the  snnnsors))ip 
of  the  PepartmciU   of  Health,  Tducation,   ;ind  IVelfaro.  mir 
was  crojited   in  nnswer  to  the   information  explosion   in  rdiic  ;i  t  i  (mi 
anid  tho  coneern  of  educntors  for  the  hurdon  of  information 
d  isscMinnat  ion  .     In  the  VvH^rds  of  hoe  Burchinal  of  the  ?'nti  on ^i  i 
Inst  i  tnte  of  !:duoat  i  on  : 

"Wc  believe  tl\e  dav  is  not   fnr  distant  when  the  HRIC 
notworl  will    link  universities,  professional  orj;aniza- 
tions,  school   systems,  hoards  of  educat  i  on  -  -  tlic  entire 
educational  commun i ty - -  to  speed  all   research  results 
to  places  whore  thcv  are  needed  nnd  when  they  nre 
needed.     That   is  our  poal.'' 

Through  a  collection  of  eij^btecn  c  1  oa  r  i  np  houses  ,  encli 
responsible   for  a  particular  portion  of  the  ontirc  cducatLonal 
area,  documents  are  classified  l^y  a  set   of  terms  called  clo- 
ser iiUors  which  describe  the  document  to  those  wl^o  wish  to 
locate   it.     'fhe  classification  of  ilocuments    is  one  of  the 
Ti^ain   ftnictions  of  tlie  clearinffhouses  anil  at  each  one  there  are 
experts  on   its  narticular  educatiunnl   area.     The  Mniversiiv 
of  Ore,t:on   is  one  sucl^  c  1  ea  r  i  npbousr  and  handles  the  area  or 
educational   administration.     Tlie  tlescriptors  are  selected 
froiu  a  thesaurus  wliich  specifics   for  each  entry  one  or  more 
synonymous  catepories  or  concept  classes.     l^ach  of  these 
catej',ories  mny  he  classified  as  a  narrower  term  (MT)  ,  l^roader 
term   firi)  ,  or   related   term   (KTl  ,     Currently  there  are  about 
lS,onn  entries   \u   tlie  TRIC  thesaurus. 
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bM'AblNn  ABTMTY  4^0 
ivr    Ah]  1  i  ty 
T    r  1  oze  Procedure 

Informal  Peadinp  Inventory 
''eadinp 

1' ead  3  ny^  Ac])  i  evemen  t 
l\eadinp  (!omnreliens  i  on 
^'eadin^^  Pevelonment 
I'ead  i  n  J!  IM  aminos  i  s 
^'cad inr  I  eve  1 

e  n  d  1  n  r  S  V  i  1  1  s 
Pending  Snecd 

prAnT:'r  AcnriA'r'n^^'T  4/1 

^M'     ^'oad  i nr.  '^a i  n 

PT    Achi  evemen t 

^ '  T     A  c  a  d  e  m  i  c  '"^  c  h  i  m'  e  r>  0  n  t 

1  arly  ^-eadinp 

N^oad  i  n  o 

Pead  i  np.  A))  i  1  i  ty 
^'ead  i  np  ^^evel  onmen t 


^^ond i iif:  \  cvv  1 
oncl  i  np  SI  i  1  1  s 

)'T    Ass  i  jznnonts 

A  sonrcli  is  bojMin  by  ost  al^  I  i  sliinp  i\  list  of  descriptors 
vhicli  will  best  collnctivcly  or  separately  desrril^o  the  nrca 
of  cducationnl   literature  the  user  wislies  to  examuio.  The 
lliesaurus  is  tlie  key  in  est  n1)l  i  sh  inn  tins  list  because  only 
terms  used   in  it  will  be  used  as  descriptors.     The  precision 
of  your  retrieval  is  highly  dependent  upon  a  pood  selection 
of  descriptors  and  also. that  tic  thesaurus  can  adequately 
describe  each  field  of  education.     In  addition  to  nbtaininf 
ajist  of  references,  the  user  may  also  request  microfiche 
f'\6S  ner  referencel  or  hard  copies   (Xerox  at  ^^?i.2o  per 
hundred  )ui^^es)   of  the  listed  references.     This  search  mny  he 
done  manually  or  by  cor^puter^   for  a   fee.     To  nerform  the' 
search  manually  one  must  locate  an  educational  institution 
which  has  alJ  of  the  I:RI(;  documents,   (such  as  one  of  the 
eipjiteen  c  1  r.ar inphouses )  ,     To  have  the  search  performed  by 
the  comnutcr  one  must  send  his  recuiest  to  an  authorized 
ajiont  of  rPTT;   in  Orcpon  this  would  the  State  Board  of 
I  ducotion  or  one's  local   ThP  office,     ritlier  manual  Iv  or 
by  computer  the  user  also  has  access  to  an  abstract  of 
tlie  listed  article  so  he  can  more  clearly  sec  wdiether  or 
not  the  article  is  relevant. 

In  the   instructional   area  t)iere  are   few  information 
storap.e  and  retrieval  systems.     IMPRF'SS  is  rattier  an 
elcj^ant  system  developed  at  l^artmoutb  Collej'c  during 
1^169-71,     As  surveys  of  relevant  data  are  collected  by  social 
scientists  they  may  he  placed  into  VWVJSF^   files   (  a  file 
is  a  collection  of  records,   i.e.,  questionnaires),  A 
codebook  is  prepared  for  each  file,  pivinp,  a  name  to  each 
of  the   items  that  have  been  collected  in  the  questionnaire, 
such  as : 

a  )  a^:e 

h)  race 

ci  pel i  t  i  cal  party 

d)  which  presidential  candidate  voted  for  in  1968  election 

e)  etc. 

In  addition,   all  possible  responses  for  each  of  these  items 
are  provic!ed  so  that  the  user  l^nows  the  moaninps  of  the  coded 
responses.     Tliis   is  the  storajie  part  of  the  information  storage 
and  retrieval  system. 

To  perform  a  search  (retrieval)   the  user  poes  to  the 
appropriate  codebook  and  notes  what  variables   fnames)  are  used 
to  refer  to  specific  questions  in  a  survey.     After  the  data  has 
been  selected  from  the  codebook,  the  user  locates  an  available 
teletype.     Next  he  identifies  himself  to  the  computer  and 
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-rloct^'   \]\v    IMPM  SS  svstoP!.     TIk^   fMpi:!,*;:;  svstom  will   llicn  nsk 
if^r  J^itn  snrh  <'is:     wtiicli   file    fsnrvovK  w^nch  vririnMcs  fitcn^^), 
nfid   finnllv,  wfint         to  bo  flono  wit!;  tlic  file.     The  T^UMM'SS 
'^vstcM'»   is  v'ovf-  Th;in    iust   :i  rotrirval   systcn;   it    is  nlso  n  snnll 
s  ?  .'I  t  i  s  t  i  Cti  I   systcM^i  with  a  luiilt    \\\  report  venQ^rntor, 

I'MMM'SJ>  is   a  datri  retrieval   svster^  v:!]ich  v\:\y  he  vioH'ovl  as 
a  rij'iU  pre  *  a  1  1  ocat  e^!  systeri^  sinilnr  to  a  stiu1e:it  recor<^  svsten 
or  a  Tairly  loosolv  structiiretl  system  liVo  wherein  each 

rcH'ord    is  exainineil  cMirir;^.  each  search. 

'     luMter  tinders  t  aaJ  ho^''  a  svster^  sucli  as   I'M'TMiSS  may  In* 
usee!  'n-  teaeliers,   let  us  view  the   fol}owinp  lypothetical 
class  roon  sett  i  ti  : 

A  class  of  ]Po<lerr>  problems  at   the  Fiast   Podunk  i!iph  School 
is  s  t     vi  nj:'.  votiiM^  patterns  oT  nr^ople  to  determine  what  nii^ht 
I'C  a  I'ood  cri'^'terion  for  voter  prediction.     After  a  lenj'thy 
classroon  dis'ciissioa  inapy  different  suf^^^.es  t  ions  have  ^-^cen 
brou^^JU  out,   such  as:  aj-O;   income   level,  rcf^ion  ,  occupation, 
education,    rvHi^ion,  etc.     (ip^  student   noted  t>>at  a  survey, 
sanpl  inv,  K»7/'  person  nationally  and  askinj',  S7^?>  (luestions, 
v:as  available   to  tt^st   thesf^  tMrferent  hypotfu^ses  on  tlie 
ririvl.S?'.  system.     The  teacher   then   f-.ave   .an  assipnii^ent,  witti 
p'any  ^.M'oans,   to  the  st\idents   to  check  out   difTerept    sets  of 
hyi^o  t  iio  se  s  . 

hater  Idrat   d;iv  one  could   see  tlu^   stucVnts  ?iorinj'  over  Ihe 
S  (».S  codebooV    fi^PI  -  ('^'  was   thc^   fuine   of  th-e  survev  nientionrMl 
in  classl.     They  were   rindinr  votinj^,  pre  fere  rn^e   is  Treasured 
h>'  ari    J*'rriSS  vnr  ial^le  ciiUed  VOTliJ,   rt^lij^ions  nrrference  by 
^''bM',   occupatiop  hy  ^M'f:  I  ,  etc. 

After  tlie  students  had  nade  their  notes  tl^ey  went  to  the 
teU^typo  roon  and  signed  on  to  the  cor^niiter  systen   in  the 
usual  ii\anner  and  proceedet^  to  generate  the  different  cross- 
tabulations  of  variables   to  pet  at   nnssiblo   relevaf^''^  facts. 
>   conrMPil   such  as  .>'TAI':  or'Cl^   \'PTb!>/   producefl   the  following' 
nut  TMit  : 

iior  :::  i?i-spnvnr\"T t y  >r>  p-  o(:nii\\Tioy- iMn,    pj-p  cov] 

ACPOSS:  vnjiu  pr>  ;7mm,P  PAVF'  VOTbP  F-OR  V.'iirv   ly  r.8 

ri  PC]  ^'TAcr^'  Annoys 

i  pr  r>fv'  TOTAh 

7  A  2?. 

I  7 '  8  31^ 

1^  corM'and   as!s  tlie  r^achii^e   to  {'ive   the  pe  rccn  t  ajit^  preferrii;'^ 
I'uripi^rev  and  "^"ixor  arone  wbito   nnc^  blue  collar  \^'orVers. 

T!ie   follovinr  day  all    th^^  stuflents  returnee)  wit)i  end.less 
sc  rips  (if  toietvne  output  to  ar)M)e  that   tfieir  set  of  hvpot^  eses 
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was  the  host  set  of  prod  ir,  tors. 

TIms  was,  you  ronlir.o,   just  a  hypothetical   situation  but 
the  actions  taken  arc  tyin^cal  of  users  of  the   f^!JMMSS  systeru 

An  example  of  a  fairlv  tvnical   automated   lihrary  svsten 
is  one  located  at  tlie  Oak  IMdpe  National  haloratory.  r.ach 
horrowor   is   issued  an  identification  card  similar  to  a  credit 
card.     In  addition,   a  card  for  each  hooV  ,  l^earinp  an  identifi- 
cation nunibor  is  kept  with  each  hook.     When  a  book  is  borrowed, 
both  cards  are  placed  in  a  readinp  device  which  transmits 
them  to  the  computer.     Similarlv,  when  the  I^ook  is  returned 
a  messajie   is  transmitted  to  tl^c  computer  indicatinj^,  tl^at  the 
transaction  l\as  l^een  completed.     hate  notice  are  prepared 
automatically.     Reports  to  the  librarian   fmanapement) ,  on 
]H)rrowinp,  traffic  and  the  precise  l^oldinjis  of  each  )>orrower, 
av'j  prepared  routinely. 

Some  of  the  newer  ideas  are  to  keep  profiles  of  users 
and  when  new  l-iooks  arrive  to  notify  tl^c  interested  users. 
Tn  a  similar  way,  departments  can  he  kept  up  to  date  as  to 
the  library's  holdings  which  pertain  to  them. 

One  major  impediment  to  the  preat  use  of  computers  in 
tl\e  library  lias  been  that  as  automation  lias  been  attempted, 
librarians  have  discovered  that  tliey  know  very  littlo  about 
users  needs  or  how  the  users  actr.ally  make  use  of  their 
f aci 1 i  t  ies . 

y^^IL^-i^^^A  the  Future  [!old? 

The  future  will  see  a  preater  use  of  automated  infor- 
mation storage  and  retrieval   systems.     This  will  occur 
because  of  advanced  technioues  which  arc  making  the  imple- 
mentation of  ISR  systems  easier.     Tliey  are  also  going  to 
be  more  economically  feasible  as  the  price  of  mass  storage 
devices  comes  dow  and  speed  increases.     Tn  education  these 
two  clianges,  advanced  techniques  and  low^er  mass  storage 
costs,  are  the  principal  burden  holding  bad:  educators' 
use  of  this  most  important  concept. 


SliCTiON  li: 
COMPUTl:RS  AND  JUNIOR  I'IGII 
SCHOOL  MATHBIATlCS 
by 

Fred  Board 


Computers  arc  already  having  some  effect  upon  junior  hi;;h 
school  mathematics.     Por  example,  some  of  the  content  of  "new 
math"  was  inspired  by  computers.     A  more  down  to  earth  example 
is  the  increased  emphasis  upon  (lay  charts  and  flow-charting 
found  in  many  modern  texts.     And  finally,  of  course,  some  junior 
high  school  books  actually  contain  material  on  computer  program- 
ming, and  many  at  least  make  mention  of  computers. 

Before  computers  can  have  a  really  significant  impact  upon 
a  mathematics  curriculum,  however,  the  teacher  must  have  some 
knowled^;,e  of  computers  and  "computer  nath>"    it  is  also  helpful 
if  students  (or  minimally,  the  teacher)  have  access  to  a  computer. 
Under  these  conditions  considerable  change  in  the  mathematics 
curriculum  will  occur.     For  example,  Koethke  (3)  states:  "Topics 
related  to  algorithm  and  computation  can  no  longer  be  treated  as 
supplementary;   they  have  become  a  very  necessary  and  important 
part  of  the  mathematics  curriculum." 

A  major  goal  in  both  mathematics  and  in  computer  science  is 
problem  solving.     To  use  a  computer  to  solve  a  problem  it  is 
necessary  to  have  an  appropriate  computer  program.     Often  sucli 
programs  can  be  written  by  the  students  in  a  class,  and  tl\is 
writing  process  can  bo  a  valuable  part  of  the  course.     Before  a 
program  can  be  written  and  used  successfully  three  main  objec- 
tives must  be  met:     1)   the  problem  must  be  understood.  2)'An 
algorithm  or  procedure  must  be  developed  to  solve  the  problem. 
3}  Test  data  luust  be  prepared  to  determine  if  the  process  actually 
does  what  it  is  supposed  to  do.     Once  a  student  has  met  these  three 
objectives,  lie  is  well  on  his  way  to  having  a  successful  program. 
Any  changes  in  the  mathematics  curriculum  should  reflect  these 
three  objectives  as  well  as  Koethke's  comment  on  algorithms. 

MATIIHMATICS  GOALS  AiVI)  T\lh  COMPUTER    Any  change  in  the  mathematics 
curriculum  must  cftlier  cTiange  tlie  goals  and  objectives  or  mathe- 
matics education  or  be  implemented  to  help  reach  the  present  goals. 
Listed  below  are  six  major  goals  of  math  education  as  stated  by 
Johnson  and  Rising  (2).     Following  each  objective  arc  some  suggest- 
ions as  to  how  a  computer  may  help  the  students  reacJi  these  goals. 
After  the  computer  becomes  a  more  familiar  instrument  in  the 
classroom,  some  goals  may  be  changed  or  new  ones  added. 

1.     "The  student  know^s  and  understands  concepts  suc)i  as 
mathematical  facts,  or  principles."     Included  in  this  objec- 
tive is  the  ability  to  apply  knowledge  to  a  new  situation. 
The  computer  opens  up  an  entire  area  of  exploration  and  cer- 
tainly offers  an  opportunity  to  apply  newly  learned  skills. 
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2,  ''The  student  understands  the  logical  structure  of 
i!Ki themat ics  and  the  nature  of  proof."     In  Algebra  I,  a 
student  learns  to  find  the  zeros  of  a  function  by  a  vari- 
ety of  methods,  such  as  factoring  or  using  the  quadratic 
formula.     By  implementing  the  computer,  Newton's  method 

of  solving  equations  can  be  taught  and  the  student  is  able 
to  find  the  zeros  of  almost  any  function,     Using  methods 
like  these  should  improve  the  students  understanding  of 
the  structure  of  mathematics.     Students  can  learn  to  solve 
classes  of  problems  rather  than  employ  special  "tricks" 
to  solve  certain  types  of  problems  within  the  class* 

The  concept  of  proof,  or  the  correctness  of  a  chair, 
of  arguments,  is  quite  difficult  for  many  students  to  learn. 
Indeed,  many  fail  to  appreciate  the  need  for  proof,     A  com- 
puter program  is,  in  a  large  sense,  a  proof.     Many  of  the 
concepts  of  proof  can  be  taught  in  the  process  of  teaching 
computer  programming.    A  student  who  can  write  a  correct 
program  to  solve  a  class  of  problom.<i  has  developed  many 
of  the  skills  needed  to  prove  a  theorem,  and  in  a  context 
that  may  be  more  acceptable  to  the  student. 

3,  "The  student  performs  conputations  with  understanding, 
accuracy,  and  efficiency,"    Much  of  mathematics  education 
seems  to  emphasize  accuracy  in  computation,  even  to  the 
detriment  of  understanding.     Machines  can  do  computations 
more  rapidly  and  accurately  than  people.     What  is  left  is 
the  need  for  understanding the  use  of  machines  places 
considerable  more  emphasis  upon  understanding*     The  empha- 
sis on  student  computation  will  be  one  of  the  areas  tliat 
will  have  to  be  re-evaluated  as  machines  are  used  more. 

If  machines  are  available,  should  we  expect  students  to 
be  able  to  do  long  involved  arithmetic  computations,  or  will 
approximation  be  sufficient?    Approximation  will  be  dis- 
cussed below. 

4.  "The  student  has  the  ability  to  solve  problems."  With 
less  time  being  spent  on  actual  computation^,  and  more  on 
problem  solving,  students  should  be  able  t    move  on  to  more 
difficult  problems  more  rapidly. 

5.  "The  student  develops  attitudes  and  appreciations  which 
lead  to  curiosity,  initiative,  confidence  and  interests." 

().     "The  student  learns  how  to  develop  proper  methods  of 
learning  mathematics  and  communicating  mathematics,  and 
also  develops  study  habits  essential  for  independent  pro- 
gress,"   These  arc  grouped  together  because  they  are  best 
answered  by  Stenberg  and  Keotke,     "Aside  from  computing, 
I  have  seen  no  field  of  study  in  which  so  many  students 
become  inspired  to  invent  problems,  learn  on  their  own 
and  tackle  major  projects."    Stenberg  (4),     When  refering 


IV. H. 3 


to  the  alteration  in  the  role  of  the  teacher  when  compu- 
ting, is  used  in  conjunction  with  math,  Koetke  (3)  stated: 
''Most  apparent  is  that  the  time  spend  reminding  students 
that  they  must  pursue  other  studies  in  addition  to  matlie- 
matics  far  exceeds  the  time  spent  in  pursuit  of  students 
who  are  not  attempting  to  complete  their  work." 

ARHAS  OP  SIKUiliSTlH)  CHANGIi     In  the  text  he  low  arc  some  suf^f^cs t  ions 
For  cTTanjic  in  Oic  TtTT.iniT  8th  /;iMdc  math  prof.rams.     These  arc 
written  under  the  assumption  that  prop,ranim ing  is  introduced  at 
the  7th  i^radc  or  earlier,  althouRh  most  of  the  chanp.es  could 
bo  implemented  without  access  to  a  computer.     This  is  not  in- 
teiuied  to  be  an  enhaustive  list;  rather  it  is  a  partial  list- 
ing of  sufjges t  ions  . 

First  let  me  t;ive  three  programs  in  Ry\SIC  that  might  have 
been  written  by  a  7th  grader.     They  each  illustrate  ideas  to 
be  discussed  later. 

10  REM  TABLli  OF-  SQUARHS  AND  SnUAR!:  ROOTS 

20  LHT  K=l 

30  PRINT  K ,    Kf 2 ,  SQR(K) 

40  ij;t  K=K+1 

SO  IF  K<=100  TllHN  30 

6  0  liN'D 

10  RF.M  ARbA  AND  PLPJMiiTbR  0!^  A  RHCTANGIJ: 

2  0  RiiAD  L,W 

30  PRINT  L,   W,    L*W,  2H+2*W 

4  0  GO  TO  2  0 

50  DATA  16,7 

60  DATA  2  3.8,  14.9 

70  DATA  62.97,  62.97 

80  FND 

10  Rl:M  COMPUTER  DECIMAL  EQUIVALENTS  OF  FRACTIONS 

2  0  READ  N,D 

30  PRINT  "THE  COMPUTER  DECIMAL  EQUIVALENT  OF";   N  ; '  V";  D  ;  "  I S"  ;  N/D 

40  GO  TO  20 

50  DATA  2,3 

60  DATA  1,7 

70  DATA  2,7 

80  END 


.Study  of  Var iables 

The  concept  of  "variable"  is  one  of  the  most  important  ideas 
in  mathematics.     It  is  also  fundamental  to  computer  programming, 
as   is  demonstrated  in  even  the  most  simple  programs.  "Tradition- 
ally, a  variable  is  a  symbol  for  which  values  may  be  substituted 
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from  a  certain  set  called  the  domain  of  the  variable.  In 
computing  a  variable  is  a  symbol  which  at  any  time  has  a 
definite  value  although  this  value  may  change  from  time  to 
time  ,  '*    Stenberg  (4)  . 

Teaching  variables  as  having  a  definite  value  at  any  time 
seems  to  help  students  understand  expressions  such  as 
(        ^yfli'h  -  4  '  A  •  C)/  (2  '  A).     Each  variable  has  a  value 
and  the  expression  becomes  a  means  of  calculating  a  numerical 
value  rather  than  a  string  of  symbols  to  be  memorized. 

Algebraic  Symbols    Man  creates  symbols  and  assigns  them  mean- 
ings, ^TKe  same  symbol  may  be  assigned  different  meanings  in 
different  contexts.     Thus  a  "period''  is  used  to  denote  the  end 
of  a  sentence ,  as  a  decimal  point ,  and  as  the  symbol  for 
multiplication.     The  ''equals  sign"  in  programming  has  a  dis- 
tinctly different  meaning  than  the  same  symbol  in  algebra.  In 
programming  X«X+5  is  a  perfectly  reasonable  "assignment"  state- 
ment, indicating  that  X  is  to  be  increased  by  5.     In  algebra 
this  is  an  equation  with  no  solution,  or  an  example  of  a  non- 
sense statement.     To  remove  the  possibility  of  misunderstand- 
ing, some  programming  languages  use  a  different  symbol,  such 
as        in  their  assignnent  statement.     Simi larly ,  ^  is  often 
used  in  the  assignment  statement  in  a  flow  chart. 

A  student  should  bo  exposed  to  the  above  ideas,  and  should 
learn  to  cope  with  a  variety  of  notational  systems.     lie  should 
get  some  insight  info  good  and  bad  notation,  and  the  value  of 
having  a  good  notational  system. 

Flow  Charts 

An  algorithm  is  "a  complete,  unambiguous  procedure  for 
solving  a  specified  problem  in  a  finite  number  of  steps."  Dorf 
(1)  p»  41.     A  computer  program  must:  also  contain  the  character- 
istics mentioned  above:     a.  Be  finite  (have  an  end  to  the  num- 
ber of  steps)  h.  Be  complete  (do  the  job)  and  c.  Be  definite 
(the  computer  must  be  able  to  do  each  step)  . 

If  an  r^lr^ori  thmic  approach  to  math  is  implemented  as 
suggested  above,  then  a  natur- 1  way  is  to  use  flow  charts.  A 
study  reported  by  Stenberg  (4)  showed  that  the  use  of  flow 
charts  in  math  classes  greatly  increased  the  students  perfor- 
mance when  compared  with  a  control  group  not  using  flow  charts. 
This  study  was  conducted  on  junior  high  students  in  a  Minnesota 
school  district.     A  flow  chart  is  a  diagramatic  representation 
of  an  algorithm.     This  step  by  step  process  is  easily  learned 
by  students  and  quickly  adapted  to  problem  solving. 

The  use  of  flow  charts  is  an  easy  way  to  begin  teaching 
an  algorithmic  approach  to  math.     In  addition,  flow  charts  are 
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easily  converted  Into  prourams.  Once  a  student  is  able  to 
i'lowchart  a  pro^rajn,  most  of  his  work  in  writing,  a  program 
for  the  same  prohlein  is  finislied. 

Tractions  and  Decimals 


When  was  the  last  time  you  saw  a  problem  like  2/7  +  1/9 
or  3/14  X  21/6  outside  of  a  math  r.cxtbook?     If  you  answer 
lionestly,   it  was  probably  a  lontj  time  a^o,  if  ever «  Most 
people  in  the  "real  world"  don't  liavo  many  problems  like  this 
and  the  ones  who  work  this  type  of  problem  generally  have  a 
calculator  or  computer  at  their  disposal. 

A  computer  does  a  complicated  cojnputation  such  as  87.9.3 
times  164,37  just  as  rapidly  and  easily  as  it  computes  2.5 
times  3,     Similarly  it  has  no  trouble  handling  computations 
such  as  2/7  ^  1/9,     The  need  for  a  student  to  develop  great 
skills  in  doing  such  computations  by  hand  is  questionable. 
Does  this  mean  fractions  and  decimals  shouldn't  be  taught? 
No,  but  it  does  suggest  that  a  change  in  emphasis  is  appropriate. 

One  possible  cliange  would  be  to  place  greater  emphasis 
upon  approximations,  and  developing  an  "intuitive  feel"  for 
tlic  relative  sizes  and  inherent  "meaning"  of  various  fractions 
and  decimals.     Soine  ideas  related  to  this  are  discussed  in 
the  section  on  Ajlf^i^ox  im^i  t  i  mi  wlucli  follows. 

* 

Another  important   idea  is  tliat  of  scientific  notation.  In 
the  language  BASIC  all  ccMJtputat  ions  are  done  in  floating  point 
arithmetic,  which  is  a  machine  version  of  scientific  notation 
arithmetic.     The  floating  point  number  line  is  quite  interest- 
ing, and  distinctly  different  from  other  number  lines  (integers, 
reals)   that  the  students  will  l^ave  previously  studied.     It  is 
a  source  for  many  interesting  and  difficult  questions. 

'"'^ P P ^ ^-^a  t  ions 

If  a  student  wants  accurate  answers  to  a  complicated  com- 
putational  problem  then  he  should  make  use  of  a  tool  such  as 
an  electronic  desk  calculator  or  a  computer.     Most  "real  life" 
problems  don't  require  accuracy,  however.  That  is,   the  liousewife, 
or  logger  need  good  skills  in  computing  "approximate"  answers 
to  relatively  simple  problems*     Tlie  ability  to  make  good 
estimates  and  appropriate  approximations,  and  to  carry  out  simple 
computations   in  one's  head,   is  valuable  to  most  people.  More 
emphasis  could  be  placed  upon  tliis  in  mathematics  education 
if  less  eraphasis  were  placed  upon  developing  skill  in  doing 
more  compl icated  computations . 

The  ability  to  make  apji^ropriate  approximations  and  to  do 
rapid  (simple)  mental  arithmetic  is  also  quite  useful  in  the 
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computer  programming  field.    One  of  the  major  aspects  of 
writing  a  program  is  to  make  sure  that  it  is  logically  cor- 
rect.   A  standard  approacli  is  to  prepare  test  data,  and  to 
compare  the  computer's  answers  with  one's  own  hand  computed 
(or,  computed  via  desk  calculator,  or  in  one's  head)  answers. 

Gross  errors  in  a  computer's  output  are  often  obvious 
to  the  person  who  has  good  number  sense --i.e.,  to  one  who 
has  a  good  "feel"  for  what  an  appropriate  answer  is. 

SUNtMARY    So  far  computers  have  had  relatively  little  impact 
upon  junior  high  school  mathematics.     It  should  be  evident 
to  the  reader  that  there  are  a  number  of  possible  changes  that 
might  occur  because  of  computers.     Currently,  however,  few 
teachers  have  the  knowledge  to  implement  such  changes,  and  few 
students  ai  this  grade  level  have  access  to  computers. 

Some  of  this  situation  can  change  change?)  quite 

rapidly.     Electronic  desk  calculators  are  now  quite  cheap, 
and  could  become  a  standard  tool  in  the  classroom.    The  larger 
change,  having  computer  terminals  in  every  math  classroom,  will 
be  longer  in  coming.     But,  it  is  coming! 
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I' V  Did    (';ic  h  .'Mifl  I Ti  V  i  (I  '  Wm;  r 
1  Im' rt*  ;i  rc  mnnv  fM)^;sibU^  aiMUt^'u- he  s   to  t  hf^  irr'truclion 


ir.f'  (if  t^oinj)[)  I  (M's .      (iirrontly  nru^         the   nost    (.(Miwnoii   at  ttu 
'UM'oiuIaiy  sclu^ol    IpvjM    is   to   i  nco  r]MM\'i  t  c  scnnr^    i  ti  **>t  met  i  on  in 
coinputcM'  proi' r;i)n!n  i  nr    into  a  stnmlarcl  mat!    coniso,  nnc^  tlu-n 
have  studcMils  usr^   their  TM-onrnniin  i  n     ^Hlls  a  r>  tlioy  sttidy 

1  tie  stantlarc!  n^ath   topics.     Such  an   approach  can  ho  usc<1   in  any 
of  the  mntbcnia t  i  cs  courses  staiulardly  orrercd  hy  secondary 
scliools.     Tl'.is  article  discusses  a   f  ev;  of  the  };ey  issues; 
particular  atte?tt  ion    is       ven  to  t!>e  "Colorado  rroject'' 
p-aterials,  \%hicl    are  an  excellent  rxnPM'»lc  of  instructional 
r':itoriril<   i  ncorru^rat  i  np  coruMiter  nrop.rajnni  nr   into  n  stnndard 
na  theru'it  i  cs  course  . 

^n    initial   ouestion   is  "If  a  coriMiter    is  available,  why 
just    li^e   r^ac^arer'   prori'aris?"     This   is  not  an  easv  (uu^stion 
to  ansv.'cr.      !  ]i  I'oneral   one  usos  nacla?'o  T^roprarrs  Khen  "j'ottinj' 
th(^   ansKi^r*    is   tl)e  ^^f^al.     (^nc  docs  not   do  this  \  hen   it  is 
ih'sirahle   for  '.tudent*;   to   raiTi  a  clr^ar  and  c(Triplc^re  nnch^rstan- 
'Mnr   of   the  f^rocess  nerclc^d   to   pet   the*  answer. 

!t    is   seiu'rally  accer^tei^   tl^at    if  a   student   can  \s  r  i  t  o  a 
|)rorran   to  solve  a  coT'taiu   tyfie  of  prol^lem,   then  lie  )^roh- 
ahly  h.as   a  j^ood  undo  rs  t  and  i  np,  of  hov  to  solve  tliat  t\'po  of 
]MVihJeni.     This   is  a  fey   idea,     A  connntter  nroiM\an!  is  a  de- 
tailed  step  hy  step  set  of  directions   tcllini^  a   coj'u>uter  how 
to  solve  a  ccM'tain  tvpc  of  prof^lem.      Tn  general,   tellinr  a 
computer  hov;   to  solve   a  prohlen  is  more  difficult  tlian 
tell  inc.  a  person ,   or  actually  solvinp  the  nroMcn.     A  con^- 
'i)itc*r  prorram   is  raich   life  a  proof.      It   consists  of  a  lopical 
'^^^Hlence   of  steps,   each  of  which  nnist   he  correct,   nnd  u*hic^^ 
nust         i^erfom^ed   in   a  correct  order   if  the  problem   is  to 
hr'  solved.     To  K'rite  such  a  "nroof    is  often  verv  challenpini' 
t  o  t  l:e   s  tuden  t  . 

There  are   four  thinrs  needed    if  one   is  to  have  students 
v;rite  oroerar^s  n<  part   of  their  activitv   in  studying  native- 
ratics.     '[he  so   inclndo  a  cf^rtain  amount  of  proprnnirinp  In  ok- 
lodro  on   the  nart   of  the  students,   a  larper  propran  hnoKlecnv* 
on  ihc  part   of  t)>e  teacl^o)^,  computer  access,  and  appropriate 
i  ns  t  rue  t  i  onal  ina  tor  i  a  1  s  . 

Tl'e  nroprainpinp  V.nov;!  edpc  needed  hy  stiulents  can  he 
integrated   into  anv  n\atheriati  cs  course,  with  i^orhaps  a  v:eeh 
or  so^of  concentrated  effort  on  conputinp  at  the  l-eninninp. 
An   inportant   idea  here  is   that  of  irritation.     Suppose  a 
student   studios  a  nroeram  to  coTunute  the  area  and  perimeter 
of      rectan.rle.      f  A  P.ASir  example   is  eiven  l^elow.) 
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le 

LHT  I, =  15.  8 

20 

M".T  W=6.5 

30 

LHT  A=l*W 

A  n 

I  P  T    P  a  "?  *  t  4-  9  * 

50 

I'RThlT  !,,W,A,P 

60 

Using  this  as  n  modol,  almost  all   students  can  write 
programs  tc  carry  out  the  computations  indicated  by  most  of 
the  standard  formulas  appearing  In  secondary  school  math 
course      below  the  trigonometry  level.     When  "undoable*' 
cases  occur,  such  as  a  formula  involving  square  roots, 
additional   language  features   (like  SQR  in  BASIC)  arc  easily 
presented  to  the  student.     The  major  point  here  is  that  one 
presents  only  a  limited  amount  of  instruction  in  computer 
programming.     fiach  additional  topic  should  be  motivated  by 
need  for  that  topic. 

As  far  as  teacher  knowledge  isconcorned,  it  is  perhaps 
enougl^  to  say  that  the  teacher  should  know  significantly 
more  than  he  expects  most  students  to  learn.     The  teacher 
should  be  comfortable  with  using  computers;  he  should  be 
able  to  read  and  understand  simple  student-written  programs 
as  easily  as  he  can  read  and  correct  other  homework.  (Note: 
the  brighter,  more  venturesome  teacher  may  disregard  this 
suggestion.     Learning  hy  doing  is  common  in  the  teaching  game.) 

Having  appropriate  computer  facilities  is  important, 
(fowever,  quite  a  wide  range  of  facilities  can  be  used  provided 
the  course  is  adjusted  to  the  facility.     At  the  secondary  school 
level   (assuming  computer  facilities  are  available)  one  most 
typically  finds  one  or  two  time-shared  terminals  connected  to 
a  remotely  located  computer.     These  may  be  located  in  one  of 
the  ma  til  classrooms,  or  may  be  in  some  other  part  of  the 
Iniilding.     Tf  a  teacher  has  access  to  only  one  time-shared 
computer  terminal,  and  it   is  located  in  the  a<1mi  ni  s  t  rat  i  ve 
offices,  he  v/ill  probably  have  relatively  little  success  in 
having  his  students  write  and  run  programs  as  part  of  their 
math  activity! 

A  much  more  desirable  setup  is  to  have  several  computer 
terminals  in  the  math  classroom  (hopefully,  in  a  soundproof 
adjoining  ^'office",  witl^  access  from  the  hallway)  or  to  have 
n  sing,le  terminal  and  a  mark  sense  card  reader.     In  the  latter 
case  students  write  programs  on  mark  sense  cards  and  these 
are  batclied  to  the  computer.     Ouitc  a  few  programs  can  be 
processed  during  one  class  period, 

Finally,  there  is  a  need  for  appropriate  instructional 
materials.  By  and  large,  relatively  few  such  materials  have 
been  developed  for  use  at  the  secondary  school  level  .  Of 
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course^,   many  Iniiulrods  of  toncl.t^rs  Imvo  (Invclopcd  tbf'ir  ov.ri 
inat(MMnIs^   nnd  tin's  will   mntiniK^    in  the   ^ntwro  .     Vm\   o!i  n 
nation  wide  basns   Miot'o   is   Mttlo  arrooinont   on  wbat  con- 
stitutes ai^propriato  niatorials,  and  few  texts  have  l^een  pul^- 
lislied  spec  i  fieri  1  1  \'  aimed  at   the  secondary  scl>ool    level.  T\'^o 
exceptions  are  the  CA/H'  iT^aterials   (2)   and  the  Colorado 
Project  materials   (1).     The   latter  is  discussed  hel(n^^ 

The  Colorado  Schoo  Is  Coinnii  t  i  ne  Science  C'tir  r  i  cu  1  niii 
I)eve  lo]")nient  Proiect   has  prepared, a  text  v.diich  incorporates 
I'ASK*   lan5niar,e  prop ramrr i n^^  into  seconc]  vear  alpohra  and  trij'- 
onometry.     A  nuote   from  the  I'reface  describes  the  p.eneral 
nature  of  the  I'la  t  homa  t  i  ca  1  content: 

'^lost   of  tlie  topics  of  th(^  us\ia1  al^^^hra- 
t  r  i 'lonoine  t  ry  course  will   ho  fouru!   in  this 
text.     Towevei-,   the  emphasis  placed  on 
various  topics  may  he  different  from  that 
normally  piven   in  otiier  texts.     Tl^e  authors 
feel    t!  is    is  a  result   of  an  honest  effort 
to  ur)cover  the  proper  role  of  tlie  computer 
in  matbematics  education.     In  Chapters  1-.^, 
TM'onerties  of  sets,  axioms  of  t)ie  real 
number  svstem,  rules  of  proof,   and  prof'ramminp 
ar(^  presented.     These  concepts  are  tised  in 
a  precise  development  of  tlie  mathematic 
\u  tl-e  reaminint'  chanters.     The  concept  of 
a   function  becomes   the  unifvinp  thread  of 
n^anre■.•s   l-in.'  fn 

Tr>nics   covered   in  Clioaters  ^1  -  H>   incltide  relations  and 
f  unc  I  i  ons  ,    1  i  nea  r  furu*  t  j  ons  ,  c  i  rcnl  ar  f  unc  t  i  on  s  ,  quadra  t  i  c 
f  unc  t  i  ons  ,   pol  vnor;  i  a  1    f  i uu*  f  i  on  s  ,   s eo  uen ces  ,   a  nd  exnonen  t  i  a  1 
:nu]    l(M'ar  i  r  hmi  c   funct  ions. 

Tl>erc  is  c(jns  i  derail  e   interest    in   tlie  Colorado 
Project  materials   in  ^repon,     >^arshan   Katkins  fr.eaverton) 
anc^  I' i  1  1   Ivest    flVillamettc  Piph  School)  ran  a  three  day 
v.orbshon  on  these  materials  durinp  summer  1^^72   for  teach.ers 
in   tlH^   Portlan<l  area,     A  siinilar  -four  day  \''orbshon, 
'Ucl    iuich   f''orth,  Pupene  I'ij^h  School]   ant^       1  1    Pest,  was 
licld   in   tlie  rupcne  area    in  sin^imcr  1^7!^, 

At   t  !;e  r  i  si    of  c  1  os  i  n<i  on  a  ne.ra  t  i  ve  not  c  , 
it   must         riointed  out   t!^at  problems  can  arise  witli  this 
approatii  to  tenc^  ii^j',  !Pa  1 1>c?'\a  t  i  cs  .      ff  one  does  not  i^ave 
af)prt)P7M  i  t     teaci^er  bnou'ledne,   computer  accc^ss  ,   and  ctirr'i- 
cului'1  r^•^terials,   tl  en   the   connMiter  »^arts  of  tho  course  mnv 
prove  unsatisfactory.     ^^ne  must   also   fnce  a  standarc^ 
a  r  r  uf-^en  t '  M  f  ti^^e   is   snent   toac^Mup  computer  nro^^  ramm  i  n  p  , 
t!uM)  sovicthin.^i  else  m\ist  Pe  drop]^ed   ^rom  the  course. 
one's   school,  scbiool   t'istrict,  an<V/or  adr' i  n  i  st  ra  t  i  on 
tliink  o  1*  a  course  onlv   in  tern^s  of  the  specific  topics 
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it  covers,  then  tins  Kill  ho  ;)  con  s  i  Jcrat>  1  e  i^rohlom.  A 
hotter  way  to  ni)proncfi  tiiis  situ«'ition  is  to  tJnnV  of  the 
overall  effect  of  the  course  on  the  stiulent,     If  the  student 
leirns  as  much  or  mor(» ,  overall    f  remon'lu^  r ,  computer  pro- 
)'rnni)iinp.   is  a  wort  )t  while  topic   in   its  C/wn  ripht)  nnd  learns 
it   ui  an  interesting^,  nnd  modern  environment   rusinf>,  cop- 
puters)    ,   then  it   is  difficult  to  nrRuo  apninst  this 
approach  . 


1.  l^cavcrs,  Collins,  i^erber  and  harsen;  Second  Course  in 
A lj\ c b r a  and  Trigonometry  Wi  th  CoinpyiteFTrop^ramining  ; 
tTie^TTruversity  of  Colorado;   1973 . 

2,  Johnson,  I^av/c/   (]-ditor  and  author  of  several  parts): 
Computer  Assisted  Matliematics  Program  (6  \^olumes)  , 
Scott,  roresman  and  Company ,  TT>69. 
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f'<il<.'ulun  nnd  t  iio  Computer:  An  f:v.)luation  of 
•mt.  t  i  cir^ant  s 

'lin^  n^;n  of  Coiiifnit  fr-Basccl  Sinml  .it.  inriL-;  <ui<l  problnin 
Drills;   to  'I'lMc^h   \  hn  I,.iv/s 

f  >a  t.  a  Ha s ^ V;  s  ,    I  r \  To nna  I  i  on  [^^  t  r  i   v «^  1       lab  r  a  r  i  o s 

i Kiu  ]  at  i  <H\  and  (^irio:^ 

r^oni!.:)nt  n  r-l\xl  ondocl    I  ru^  t  mk  ■  t  i  on  :   An  I-lx^iint)  1  o 

A  "Canned"  C'Diar^u l(n"  T-a)) 

Tc^aciior/Student  Authored  CAT  tisinq  tho  rinv; 
r^ASrc  Sy55l:orn 

romr^uter  c;ra|)hics  as  an  Aid  to  Studont  toaraiavj 

'i'ho  fiso  of  the  Corn[;uter   m  Math.  Ln^^truetion 


Alp(^rt  h  liit'/.r^r 
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Dorf ,  U  . 
Dorf ,  K. 
Dern,  'W . 
now]  irvj ,   a  . 

Hanunond,  K. 
II  i  ckoy,  A. 


^omnutor  PrcqrAnminq  for  thr>  Mathomatio??  T.aV^oratorv    Kiovpn,  T. 

Com ) II  t  i  ncf  i  n  he  1 1  i  qh  S  ch oo  1  -  -  P a s  t ,  P r  o  s e  n  t  a n d 
f'utiire- -and  its  Hn  reasoruii)  1  e  llf  f  oct  i  vrMieso  in 
the  M'f^achiiiq  o\'  Ma thoinat i c^i 


t-'e:>  i rni  i  nq  S  ii^iu  1  at i  on  Systems 

<Vj:nt)uter  and  Television:   A  Jcnnt  Vonturo  for 
Ildiicat  ion 


^  t:<:'r:nber'^ ,  V/. 
IVelker ,  W 
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Classroom  Conpute^rs  Serve  Students 
Nation^s  Schools,  Vol.   Rl,  March  1969 
Pages  8B-89 

In  York town  Heights,  New  York,  a  group  of  sixth  grade  students  are 
participatinq  in  a  project  to  determine  if  computer  simulations  are  an  ef 
foctive  teaching  tool.     The  goals  of  instruction  had  to  do  with  basic 
economic  principles,  such  as  how  an  agricultural  economy  works,  hov;  capi- 
talism works,  and  economic  problems  of  an  emerging  nation. 

The  student  interacts  with  a  sophisticated  computer  program  througli 
use  of  a  standard  teletypewriter.     The  computer  also  controls  an  audio- 
visual device  which  contains  a  slide  projector  and  audio  tape  recorder. 

The  program  simulates  a  total  environment  in  which  the  student  has 
a  spi^cific  role,  such  as  king  of  a  small  nation.     Through  a  combination 
of  rule  playing  and  programmed  instruction,  the  student  makes  economic 
decisions  relevant  to  his  role,  and  sees  the  eff;;Cts  of  these  decisions. 

A  6-weeks  comparison  of  2o  students  using  the  simulations  with  a 
matched  control  group  in  a  traditional  setting  revealed  the  following: 
1)   all  but  two  of  the  students  with  reading  difficulties  finished  the 
units;   2)  almost  all  of  the  students  said  they  enjoyed  the  simulations; 
3)   in  one  unit  the  experimental  group   (computer  simulations)   showed  s^gni 
ficant  gains  over  the  control  group,  and  on  another  unit  no  significar.t 
differences  were  found;  and,  4)   the  experimental  group  used  less  student 
time. 


Dave  f:)empstor 
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Ah)ort. ,   I).   S  Bi  t/.ov ,  I).  1.. 

Ar  1     [  1 (.» i    Conru\ tor  -  [ia^{  i^A  I  !<  U  i  (M  t  i  o  n 
1  ;T"rMi^co  r      1*^    1G^7  "  No 7  3 'ji^^ V 1  Mor-ci i'      70 ) 

■|'h(^  iriiantity  o:ul  quality  of  echic.it.ion  porJsihU,'  wiuni  a  school  ut,  [lii/r^:, 
.1  h  i  qM--:5r'oocl  cornTMit'T   I  r;  a:;  vrt    an  unansv/orL^cl  <:fao^;  t.  i  on ,      iTio  PI. A'!"')  svHtcn 
was   ia:;lallo<]  tit  thf*  UniversiLv  of    TliiiKus  for  Iho  }>urp(;:>(>  of   1)   r;xi)] or  i  n^j 
o<hioal  i(.MU\l  poiTiS  ib  i  1  i  t:icii  of  the  cr)inn\itor   in  t)io   i  ns  t  rvH.  tJ  nna  1.  process  and 
i"!)   «lo;;i«anMff  --Ui  cvronoiiiiira  1  rjyst.^.sa  t,hat  i noorporatos  valuable  approaclios  lt^ 
loai'nin'i.     la  conn(K;tion  with   t:ho   fir^Jt  objoctivo.    Pour  mi.sconcoption:;  arr- 
cor-LHon:     ])   comnu tor-[)a,sorl  nducahion  i^^  synonymous  with  procjraimnGd  iiistruc- 
tir,n?  2)    (:hn  i  nrs  t  laict  ional  stratocjy  must  anticif^atc  .ill   concoivable  stiidont 
ro.sTiOiKJos  <^io  as  to  rompare  them  v^ith  "correct"  answcrG  stored  in  the  rnach- 
ino;    3)    co;nnuter-ba5iO(i  instruction  may  bo  useful  for  the  transfer  of  infr^-- 
'natif>n  bvat  is  not  of  value  in  the  dovolopment  of  critical   tJiinkinq;   4)  a 
c..4nT)Utor  system  used  for  computer-based  education  cannoL  bo  used  in  a 
t  ino-sharinq  niode  for  conventional   computer  programminq.     The  article  re- 
futes each  of  thest^  misconceptions. 

.fu.st  as  the  textbook  has  dir^tinctly  different  uses  at  various  erliicri- 
t.ional    levelS;   so  nust  computer-basfvl  r^ducativ^n.     This  articlr^  descrlJit-s 
S{.)me  alt.eraato  uh'os  of  the  comr^utor  in  education  u:^inq  I'LAT').     A  comj^ar  i ';r  jn 
of  sd.udents   in  a  traditional  inerMcal   class  vs   thosc^  in  a  com].Hiter  iJimulatcd 
class  utaiizinti  {'omputor  simulation  is  qiven.     .''tudonts  usirjq  I'LAT^  scored 
as  w^-n    jn  piedMMl  diaqnosis  at    tlie  end  of  a  sc::iestor  but  put   in  one— third 
to  cuie-}ialf  as  much  time   in  instruction;   over  a  half  year  poiiod,   the  com- 
ynitor  arour^^  rrHained  more  than  the  normal  class  qroup. 

Availa]:>lo  CAI  systems  entail  costs  which  ranqo  between  $2  and  $5  f>er 
:audo!it  contact  hour.     The  intended  PIATO  IV  system  could  reduce  this  cost 
to  about  thirty- five  cents  per  student-contact  hour. 

The  availability  of  a  system  that  is  economically  feasible  and  educa- 
tioiially  structured  could  produce  some  of  the  following:     1)   reduction  in 
tfuj  numj;or  of  large  lecture  classes,   2)   special  instruction  at  home  for 
tj-ivsicaily  hai^dicapped  students,  3)   gradual  al^olishment  of  lock-step 
ss'iiedules  and  narrowly  specified  curricula  in  formal  education,   4)  effective 
iob  training  and  retraining,   5)   provision  of  remedial  instruction  or 
tutorial  assistance  during  regularly  scheduled  courses  for  stvidents  with 
insufficient  preparation,  and  6)   provision  for  continuing  education  for 
professional  personnel. 

overall   this   is  an  excellent  article  about  one  of  the  most  exciting 
a s p Q c t s  of  coHH'j \i ters  in  education. 

bloyd  Kraser 


I^-i  t  tcr,  Cary 

L'alculus  and  the  l!oinpnlcr;     An  I'valuntion  hy  !\nr  t  i  c  Ipan  (  s 

Tlie"  Two-Ycsir  (:oVlo^;c  MiH  IicmiiTl  cs  Journal,"  vl,  j]2'TI-all   lf^7o)  pp 
')  I  ■■  19.  "  * 

This  article  discusses  a  ([U(^  s  t  i  on  na  i  ro  evaluation  l>y  t  lu^ 
r^a  r  t  i  c  i  pan  t  s  of  a  c  a  I  cu  1  us  -  ^' i  1 1)  -  c  oiiiiui  t  c  r  s  project  v;l\ich  wa^ 
doue  under  tlu^  ausi^ices  of  the  ('.oinpntinp  and  Mathoiiiatics  Cur  ■ 
riculuri  Project   ((^MCP)   duria^^^  the  Tall  of  1909,     1m  ve  Colorado 
colleges  and  uinvcrsitios  participated  in  tlic  computer-extended 
ca  ]  cuius  ]>ro  j cc  t  . 

IntoresttHl   instructors  were  selected  at  eacli  of  the  school 
to  teacli  a  coinput  er  -  ext  eiuled   int  roductor>'  college  calculus  cJas 
i.acli   instructor  was  penintted  to  assign  any  calculus  text  .he 
desired.     The  coininiter  \.'as  used  to  demonstrate  tl^c  various  im- 
portant i  nt  roduc  tor  )•  calculus  concepts  and  to  solve  lioineworl: 
'wercises.     No  previous  pro^^n^amm ing  experience  was  required. 
'I  he  programming^  language  used  was  HASIC,     Computer  time  sharing 
was  used  to  accommodate  tlie  computer  needs  of  the  classes,  lac 
sc[(U)]   had  oi^e  Teletyne   (input/output  device)   per  twenty  stu- 
dents.    Tie  canalulity  of  a  time -sharing  service  to  allow  a 
student    to   Miput   various  guesses,   get  output   immediately  and 
to   i  inDod  iat ':ly   ii;nut  new  gucsstvs  an  the  l^asis  of  this  output 
was  considered  to  be  necessary  for  the   incorporation  of  tlie 
coji^put or  into  the  calculus  course. 

(-omnuter  units  w<m'o  \^ritten  In'  this  author  for  distrilui- 
tion  to  the   instructors  of  tlK  participating  colleges  and  uni- 
versities.    The  units  were  written  on   the  tO]Mcs  of  fiuictioii, 
limit,  derivative,  application  of  derivative,   integration  and 
numerical    integration.     liach  unit   included  an  explanation  of 
the  concept    into  the  class,   com]')  le  ted  examples  with  comnuter 
programs  and  output,  discussion  of  the  example,  and  selected 
exercises  that  the   instructor  could  assign  the  student.  The 
units  were  presented  to  the  class  as  the  relevant  topics  w^ere 
taken  up   in  class. 

An  evaluation  questionnaire  was  given  to  the  stutlents  and 
ii\c  results  and  a  discussion  of  them  can  be  found  in  the  art- 
icle.    Tv.o  conclusioiK^  of  particular  interest   arc:     1)  students 
are  aicicd  by  computer  applications   in  organizing  ilieir  tliougits 
r<u^  attacking  problems;   2)   the  com])ut  er  -  extended  topics  of 
fur.ctioi.,    1  uiu  t  ,  and  derivative  were  lielf^ful    for  the  students^ 
wi'idv  r  s  t  aiul  i  ng  o  f  these  concept  s  , 
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Uohlick,  John  M. 

'iho  IJrjo  of  Computer-Based  Simulations  and 
Problcn  Drills  to  'Peach  the  c;as  Lawr, 
ScioncG  [•ducation  56(1):    1972,  p)>  17-22 

A  fundamontal  part  of  a  hiqh  school  choral stry  course  is  tho  study  of 
the  l^ehavior  of  qasns.     KoIla})le  laboratory  oquipmout  that  v;ould  cn<.ii)lo 
a  sturlont  to  oxpor i liionta  1.  ly  df.M  orniine  the  ro  1  ationsFuj;s  ainonrj   the  voliirno, 
tomiioraturo  and  prc^^suro  of  a  ^jas  usually  is  not.  available.     A  computer- 
K>ascd  simulation  has  boon  dev  sod  so  that  a  student  can  investigate  the 
l)ohc\vior  of  an  ideal  <jas . 

Initially,   the  i^tudont  is  t.old  tJiat  at    the  end  of  the  procjram  he 
or  slu?  should  l)e  able  to  express  the  relationship  })otwoGn  the  volume  .md 
'.:ho  pressure  of  a  qas.     After  boinq  informed  of  tlie  qoal   the  st\idor^t  in- 
teracts v  ith  the  computer  system  to  qather  rlata.     The  i  nvest irjat ion  Ijc- 
qins  by  enterin<]  the  variables  whicii  remain  con?Jtant  durinq  the  simula- 
tion.    In  tlie  ca:-;e  of  r^oyle's  Law,   the  number  of  moles  of  qas  and  the 
temperature  remain  constaiit.     The  computer  calculates  the  values  of  the 
corresponding  dependent  variable  and  displays  for  the  student  botli  the 
set  of  pressures  which  he  or  she  entered  and  the  correspond! ncj  volumes. 
The  student  than  has  the  optio!^  to  view  a  grapli  of  the  variables  plotterl 
a  q  a  i  n  s  t  c  a  c: li  o  th  e  r . 

After  vicvinq  the  data  wViich  she  has   just  collected,   the  stvident  may 
(■hco::;o  to  qn  directly  to   the  inultipJo  ciioico  <{uiz,   continue  to  invest 
q.ito  r<  ^  1  a  t  i  onsli  i  p  between  the  variables,  or  see  the  torii-her  for  iudr^ 

SnMnr^'  c<jntinuinq.     Drill   prr>blcMns  r^re  luillt    inLo  tlie  !)rc)qr/)m  to  dirrvi 
tjAC!    -^ludfuit  t(>   invos  t  i  qal     different    ])ro]>er  r  i  c*:-^  of  qa.^v   I  awr, .  'ih'* 

stu<ir'nL   is  .il)le  to  control    lite  firill  and  provide  for  himself  Uio.  rimoiud. 
nor.'r-;:-,ary         acquire  the  desired  [)roblem-solv  inq  skills.     VJhen   thr-  r;lu~ 
df'j't.  cf >mf)  1  L^lei^   the  drill   s}io   is  prc/Vidcrl  a  summary  of  her  r;or formancc ; 
t.hi^:  summary  also  may  Ijc  |)rovided  to  the  clcissroom  teocher. 

.-tudents  v/ere  qiven  pre~ie:^ts  and  post-tests  to  measure  perf onna ice . 
'rheir  attainrrent  of  the  terminal  objectives  of  the  fjroc^rams  exceeded 
expectations.     On  the  portion  of  the  test  pertaining  to  the  basic  qas 
lav;  relationships  90%  o'^   the  students  answered  correctly  92.6%  of  tlie 
ques  t  ions . 

Iho  proqr.irT,s  are  being  reviewed  to  improve  the  response  time  by 
proqramming  revisions  and  newer  programming  languages.     An  improved  res- 
ponse time  would  enable  a  student  to  move  through  the  drill  much  faster 
and  solve  more  problems  in  a  given  time.     Most  student  comm.ents  about 
the  [urogram  were  positive  in  nature  but  some  remarked  that  the  drill 
problems  were  presented  too  slowly. 

Pen  Boys 
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!)orl\   Ricluird  C. 

iKii  a  HaJiks  ,   InfornuiHon  lietrievaj^  and  l.ihrarics 
Tn'tVoducn'oii' t  d' t:bm])irt cVs^  Chapt  cr  1  2  , 

pa^;os   ;^r>  1  -  37  0  . 

Hoyd  f|  1-rascr  ]'ul)li5hing  Company,  1072 
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ri\e  book       ut  roduct  ion  to  Computers  and  (^oinputor  Scionco" 
is  an  oxccllciit   cxamj^lc  of  tho  recently  nuMishcd  texts  dcsifji- 
Oil   for'  an  introductory  sequence   in  coin]niter  science  r.t  the 
freshman-college  level.     Such  texts  are  also  suitable  for  use 
with  good  high  scliool  students.     Quoted  below  is  a  summary  of 
one  chapter , 

"The  computer  is  a  useful  device  for   information  storage, 
l^roce-sing  and  retrieval.     With  tlie  advent  of  relatively  low 
cost   storage  the  com)niter  lends   itself  to  tfie  development  of 
data  hanks.     A  data  bank  is  an  on-line  storage  unit  retaining 
large  masses  of  data.     Data  banks  are  used  to  retain  economic, 
social  and   industrial  data  among  otliers.     A  terminal    is  one 
lu^r.sihle  access  connection  for  the  potential   user,     A  computer 
data  I>ank   is  automated,  of  high  speed,   and    it  usually  opcratc^s 
at  a   reasonable  cost  per   item  stored. 

Information   is  tlic  meaning  assigned  to  the  data  or  an  ag,- 
v',regate  re[)  r  es  en  ta  t  i  on  of  the  data.      It    is  the  desired  output 
V)  f  an   informavion  retrieval   system.     Information  retrieval  is 
llie  process  of  accumulating,  classifying,   storing  and  searcli- 
ip.g   large  amounts  of  data  and  extracting   the  required  infor- 
jiatioji   from   it.     Tlie  quality  of  an  informaticiA  retrieval  sys- 
tem is  measured  by  ho\/  mucii  relevant   information,    in  compari- 
son to  ]iow  much   irrelevant    information,    is  provided  in  re- 
s]n:)nse  to  a  query.      InforVsation  retrieval   systems  have  develop- 
ed  for  airlines,   government   functions,  and  tlie  legal  profession 
among  o t hers . 

Computer   information  retrieval  systems  will  aid   in  the  op- 
eration of  the   libraries  of  the   future*     Comnuters  are  being 
used   for  automated  ac((iri  s  i  t  i  ons  ,   receiving,  cataloging  and 
circulation.     The  primary  items  of  cost    for  automated  librar- 
ies will  be  the  amount  of   information  stored  and  the  response 
time  required  as  a  result  of  an  inquiry.      In  tlie  future,   a  de- 
vice  ill  the  home  of  the  office  may  display  information  upon 
r  e  ([  u  e  s  t  , 

Computer  inforruit  ion  systems  coiita  ining  information  about 
individuals  are  increas  ingl>'  neccssc'ry  to  govern  and  manage 
o  ir  coi'tpiex  society.     llowev^er,   the  ready  availability  of  in- 
rormation  about  pcrsor.s  leads  to  a  concern,  about  the  privacy 
of   i  i\  f  ormat  1  on  .     Privacy,    in  this  context,    is  j^rimarily  con- 
cemuxi  with  unaut  Jior  i  r.ed  access   to  personal  or  confidential 
information.     Tlic  conflict  between  the  need  for  accumulating 
infonaation  in  a  data  bank,  and  the  protection  of  an  indivi- 
dual's  freedom,  must  be  reconciled. 

Sister  Clare  Maclssac 
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S  i  mi  1  a  t  1  oil  and  flames 

I  n  t  t\H]iK"  1 1  on  to  (loiapu  t  L  r  s  anJ  Coinputcr  Science  jip.  371-].^S 
Ho\\]       I-rcscr  PuhlisiiiiM^  Coninan)',    (1^)7.!),   fl,.  n 

Mo(lolinj4  and  sinnilation  ar-c  of  ^urc^l   value   lu  bus  ii^css, 
ij'.dust  i'v  and  luu'c itjik  ii t   iiocaiisc   they  lu  rmit   one   t  >  stud.)-   t  iie 
e  Tickets  of  various  decisions  ot    dunces  ^vitliout    t'^oinp  liiioutdj 
tlie  coiuplete  inocoss  o  ['   Uie  i^henomonon  Ijcint^  considcvod. 

A  computer  model  is  a  re^jresoiUat  ion  ot'  a  system  or  n!u  n - 
omcnon  i  r,  a  ma  t  hcnia  t  i  ea  1  ny  svfnbolie  form  suitable  for  dcnaon- 
straiiny:  tlie  b^ehavitn'  of  ihc  system  or  plienomoiion  .  vSimulati^^n 
involves  sul>ieclinp  models  to  various  stimuli  or  situationv  in 
such  a  way  as  to  explore  the  nature  of  the  results  whicli  mi^dm 
be  obtained  by  tlie  real  sxstem. 

A  compniter  simulation  nay  he  d.eveloned   \u   I'dUTRAN,  HASIC 
or  a    1  an j^uaLu;  spec  i  f  ica  1  1  y  deve  1  oped   for  s  imu  1  a  r  i  on  ,  Tuo 
widely-used  sinnilation   la)it^uat>(^s  are  HPSS   (General   Pur)K)se  sSiin- 
ulalion  System)   and  S  TMSCR  T  1>  F^,   whicli   is   a    I'ORTPAN  -  ba  sod  laniuiarc 

I'hv  di{;ital   computer  ];as   recent  1>'  l^en   introduced  as  a 
t^e.ieral    purpose  simulator    in   the  iii  j^h  school   classioom.  Thc^ 
idea    is   to  exjiose   students   to  expo  r  i  men,  I  a  t  i  on  wl\ich  would 
ncn'nially   i)c  available    in   Mie  scliool    Inboi'atory.     Siinulat  ion  is 
s>a  r  I  i  cu  1  a  r  1  y  aproi^is   for  student:;  when   the  exnerimcMit    is  too 
coni[)lex,   exj^ensive  o  i'  dan^^erous   to  carry  out    in  tlii^   I  a  Ih)  ra  1  o  r  >' . 
A  com}Hiter  simulatioi;  propj'am  entitled  i;V(^bb  nerI^it^;    the  user- 
to  (\\plore  some  of  the   i'actors  wliicli  affect   evolutionary  ch;Mii;es, 
in  avid  i  t  i  <;>.f ,   a   program  eniitled  l^(U.Ur,  wliicl;   is  an  elementar^)' 
simulation  of  a  wa  t  e  r  -  po  1  1  u  t  i  on  sittuttion,   has  Ihcm^  develo]KMK 
Such  uses  oi~  [simulations    i  ii   thc^  scfiools  clearly  affords  ot^poi*- 
tunities    for  students   to  ex|)crience  ccM'tain  plenomena  rather 
than   to   learn  about   them       carious  ly   from  teachers, 

A  major  advantai^e  of  tlie  utili::ation  of  simulation  tech- 
Tjiu.ues    is   that    t!ie  [)a  r  ^;  i  c  i  pan  t   can   leaini    from  li  i  s  mistakes 
without    s-uffering  the   real-life  con s ecpien.ce s  when  mistakes  are 
inade  winie   learning,.      Tlie   simulatiorL  exercises  are  useful  in 
teac!)ir.^4  political    and  diplomatic   skills  wlien  the  con  s  ecpuuu'c^s 
of  error   Iw   Mie   real-life  cor.  text  are  ^o  costly  as   to  el"  feet- 
i  ve  1  }•  p  r o  i  i  i  b  i  t   t  r  i  a  1  •■  a  n d  -  e  r  o r   1  c  a  r n  i  n  t:, . 

To  d  a  >•  <;  o  in  nut  e  r  s  c  i  e   t  i  s  t  s   a  r  e  i]vc  i  c  a  t  i  n  ,u  a  c  o  n  s  d  e  r  a  b  1  e 
.'eioup.t   of  effort    tov;ard  pro<:;raram  i  ni^  dijjjtal   computers   to  pla\' 
vy:"'K^s.     A  jiaiiK  ,   wlvicii    is  a   common  aetivit)',    is  a  closed  sys- 
tem with   a  set   of  explicit  1\'  stated   rules  anal  a    fixed  yoa  1  ,  A 
i:aiiK."  lias   a   rational,   ar.al\^tic  comi^oncnt   and  iin  emotional,  ere 
atiec*  comjMMient.      \hc^   i^ai-o  '      anal>'tic  dinu  psio[i    includc^s  t!ie 
strategic   and  s>rructu'\il   characteristics  exneiMenced    in   li  fe. 

Onunional   asjiect   of  the  game    includes  cluince  and  a  real- 
i::ation  tiiat   often   tl^e  action  of  the  gam.e   is   as   important  as 
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the  outcome.     Camos  arc  c^uitc  iLscvful   in  training  students,  man- 
aj:.ers  and  public  officials  to  make  wise  decisions  and  to  exper- 
ience tlie  result  iag  conseciuences .     Also,  com])utcr  games  are  of 
ii\tcrest   to  computer  scientists  since  the  programming  and  ile- 
velopment  of  algorit>,ms  of  games    is  a  challenge  in  itself. 

V/ally  Waldiaan 


norit  ,   W  i  I  1  i  am  S  . 

(:onij)uJ._(^ r -  Extended  I  ns  t  rue  t  ion  :  _  An  l^ii^mx) j  e 

The  "^fatliemat  ICS  Teacher  v^^'^TiT*  (TcTnuTary''  197  0)      pl47  -  J 

'lliis  article  discusses  the  computer  and   its  use  as  a  lab- 
oratory   in  cu!\  j  un.c  t  i  on  with  a  traditional  mat;\cmatics  course. 
TIms  type  of  computer  use  lias  a  direct   analogy  with  the  use 
of  a  T^hysics   lalniratory  as   it  api^les  to  a  piiysics  recitation 
clas^;.     T!;e  I'la  t  heriat  i  c  s  used   in   thir;  aiticle  sliould  ho  witlnii 
ll;e   roach         most   8th  or  9th  grad.^   students.     That    is,    it  uses 
1  >   el  eiiK  n  t  a  ry  a  1  gob  ra   i  nc  1  ud  i  fig  some   i  i^.ecjua  1  i  t  i  es  .     Ilowevc  r  , 
[he  prolfienis  are    interesting  anc'  difficult  ernnigh   to  cliallenge 
iitl.  grade  stiulents  and,    in   fact^   an>'  [ne -c  a  1  c  u  lus  stu^lent. 

SoiMc  simple  i^ax  i  m  i  r.  a  t  i  o:i  .md  m  i    i  m  i n  t  i  o  fi  problems  are 
vliscussed  and  a  comjuiter   is  u^;ecl   to  ]XM'forin  s(nne  experiments 
V- 1  lli   ti>em,     T!^e  ob»iectivc^s   of  th(^se  exporimc^nts  are:      1)  to 
develop  somo   insight    i':to   the  ma  tlieria  t  i  c  a  1   concej^ts  oT  i^iaxi- 
ruim  and  minimum:     )   to  allow  tlv-  student  to  ''guess"  at  some 
tlieoroms   regard  ii^g  when  a  maximum  or  minimum  occurs;   3)  to 
Motivat^"^   the  student   to  study  the  calculus. 

Tins  article  also  discusses   tiie  value  of  nc^r forming  some 
^M'c  iiminary  mathematical  analysis    in  order  to  I'oduce  the  amount 
of  coi^^'Uter  time  consumed  and  to  reduce   \'o  a)Rou!U   of  data 
i;KJt    is  |)riiited.     Pc7'Iia]is  cvea  more   iminirtant    is   the  discu-- 
Mon  of  ho\.   and  v;h\'  v^'  should  iiave  the  com]Hiter  do  soine  !)00k- 
'cping  worl:   for  us. 

So]'!e  i^jrlicuiar  experiments  are  presented.      V:ie  results 
of  the  experimeits  W(M'e  used   to  make  some  conjectures.      In  one 
cr\se  ti^c   conjecture  was  actually  m"oved.     A  lengthy  discussior^ 
followed  on   just  v/hat   constitutes  a  mathematical  proof  and  \viiat 
[art  vi  computer  can  and  cannot  play   in  a  proof. 

t;u»  article  contains  examples   including  maximum  area  and 
\'ohn)K*.      Instruction   is  extended  as   tfie   results  of  one  pro- 
gra':i   iiiitiat^:^  another  question  until    the  reader  is  led  one 
^->*  one   through  s^'veral    [-urograms  until   the   i]iiMal  conjecture- 
I s   found   to  be  true . 
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I  \' )    iM  ;ni    I  h  :  riu!  tic  M>  r  \'  'U^'.  "i.iin  c--   c"(Mirsf'   \\ir  scifMU'i'  ri'ijiM-s  is 
^ii   v'U:;>rd.      This    I  y\y-^      f  sluMiii!   lu-   ;h1v:mi  i  :  \w'f)iis   to   t  'u'   i  '  v 

'>ir,-.    t(\Mr'a^r  \\ho  d((  -;   not    Ii.ix'l^   :.la:oss   to  nii   c-i-linc   or  tiino- 
sliaririp   ^;ys(tMn  hut    \<]\o  does  liavo  r'iccoss   to  n  comf^iitor  v/likh 
s   a       r  t  ran   1  \'  conr^  i  1  (m*  . 

Tp'?       i  ]i  nnrr^i^ses    in  nsiuv;  iWo  coiiiniitcr  vcv^   {'])   to  frc" 
stiuloiit    froi!)   tl;o  j^ruhb)'  wor!:   of  doin^  all    the  calculations 
and  uritini^  the   lab   report   and    (2)    to  onai^lc  the  stiulcnt:  to 
.uat'icr  muc!)  more  data    ia  order  to  'ssoe"   t!ie  nSiysics   in  the  lal) 
"Ihc^    first    objective  was  sueees  s  fii  11     aelnevtHl,   but   the  sc^coad 
oljjective  was   (^iily  nartinll)'   succe';s  fii  1  .     Tbr>-r(>  \.;ore  three 
tyres  of   labs   uivefi  during,   tdie   seinf^ster:    ())   all    conii>uler,    f  ) 
la  a  1  f  -  co):ipo  t  e  )'  -  -  ha  1  f  -  s  Muh;  ii  t  ,   and    (31   all      t  mh'M  t  ^ 

A  lu'ief  di;.c\ission  of   the  utilization   t^f  a   ''cajinf^r'  nro 
y.ratu   for  de  t  e  rr>i  i  n  i  n  v   the  enefficieiU    o  i'  rest  iVut  ion  o[  a 
I'lider  on  an  air   traci-    is  'liven. 

\ny    iab   t'wit    has    lonp^   IcmIIous   ealeiHntions    is   \>rs\  n^^r- 
f'Maned  via  coiir.uiter  l-ocause    it    enahlos   the   studen.t    to  co]^- 
eMitrale  tuore  on   t^'e  exneriiiuMit    rat^nM'   than   th(^  ina  t  h  (a^^a  t  i  c  s  , 
'i^-'    lal^   tliat    slioKs   a   trend  de\^c:  1  (,)p  i  np^  ,   e  i  i  ^mm'  evident   or  not 
so  evidiiMit,    ^^hould   he   nrM'f(Ma:UH!   ]»y   this   apiuaiach:  ofhej'wisc* 
tiio   student    can  v.o{   realistically   h^e  exnected   to  TKM'form 
iMioutih  exP(M' i  i:eNi  t  s   to   see   t^e   t  rcMid  .      Mticli  more   (effort   can  Iv^ 
'nil    into   tho  dove  1  onjuoa  t   of  the   tfuory  of  errors   and   the  un- 
e<  r  t  a  i  ii  t  y  a  -soc  i  a  t  ed  ^■  i  t  h.  a  n  (\\pe  r  i  nie t  .     Oues  ^  ions  dea  1  i  n  ^ 
^■ith    tlie    la^  ean   ho    i  a  t  ersj^erscd    in   their  a^^pronria^e  place 
i  i".   the    reTK)rt  ,     Owe  l)oiuis   to   t'w-  c:  oimpu  t  e  r  -  p  r  i  n  t  (ul  report  is 
t-iat    overvn  li  i  au,    is    in   [^laei-    (relatively,    t  lia  t    is).      This  f^al(^ 
]l    eas}'   to  exaniiae   and  coria^ct. 

^^tnderit-   toda>'  should   Kikm;  something'  aljout   t^'C  coiiiput^M': 
i  ' p«)  ■  s  i  f' ]  1  i  t  i  c^s  ,    its    I  i  mi  t  a  t  i  on  s  ,   and    its   a  n  f)  1  i  ca  t  i  on  s  .  Thi: 
i  'j,ooi\  v.ay    for  a  crew's   sectio.n   of  n   student   rn-)?nilalion  to 

■h;    i!:troduc(vl   to   the  coiia>uter, 

So!:!e  concern  wris   exjU^esscnl    for  tlio  student  ^s  frustratir>a 
\^  i  t  1^    jc-rtran    IV's   dc^c  imal   and    intei^er  tyne  nuiiher  reni*e:-enta- 
fion;>.      If  a  "frec^  stx'le"    innut   had   been  available   tliis  miiu^r 
i  f:Con  vv  n  i  once  woo  1  d   no  t   !ia  vc^  anpea  i^ed  ,      feacl^ers   shou  1  d  '  eeo 
the  data    iaput   s  pr^c  i  f  i  ca  t  i  ons   sire-^le  and  adaj^tahle,   and  ade- 
'.[uately  defir.e   t:ie  computei^'s   role    in   the  ''cannccT'  lal-. 

I  i>   the   final    'n'aluation   t  lie  "canned"   lab  approach  did 
heir)  srn^ie    students  and   freed  practically  all    from  the  (irucUp:' 
tasks  associated  v;  i  t  !^  a    lal^  and   tlicrcfore  v;as  considered  a 
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iiK^dorute  lUicccss  ajul  ain  i jiio rovcnKMi t  over  previous  methods. 

Wally  Waldman 


IVycr,  T.A. 

Teaclier/Studon  t_  Au  t  i^oi'e_a_  CAI  lis  i  nj\^  The  KVM  HAS  J  C  S\;s^t  cjn 
Cominunlcat  loas^^  orri^c  ACM',  Vol  •   1  S '^T^^nuaVyM OTrT^^  ppT  21-28 
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Tiic  CAI   system  discussed   i  :i  this  article   is  liiulcrp.o  in^ 
dcvclopnicnt  wit^Tin  a  lar;;e  iirhar   scliool   systeni   (1^  i  t  tshurgh)  as 
tjart  of  an  experiment   in  tlic  ro^ejonal  use  of  cominitors  for  sec- 
onda ry  sch.oo  1  s  . 

Two  notlcs  of  usajT.e  are  defined.     One  is  dual  niode  and  t!>o 
other  solo  mode.     In   tl\e  dual  mode  the  student"  ITUeracts  w\th 
a  pedogbglcally-i  ntcnded  mast^-r  ]>ror,rain»     An  example  of  tliis 
typo  CAI  pro^;ram  v:ould  l;e  a  sinulat  ioju     In  the  solo  inodc,  tl;e 
student  writes,   celMU^,s,  anc!  revises  an  origiruil  jn^ogran.  Tt 
is  su[4j];os  t  cil  that  studerit  use  of  a  systoiii  in  the  dual  mode  mo- 
tivates  thein  to  operate  ir  the  solo  mode. 

i'lo  rocju  i  r  oincn  t  s  for  such  a  (j\T  s)'stem  are:  fl)  easy  sys 
tera  access  in  all  modes,  (2)  a  va  i  1  al)  i  1  i  ty  of  the  full  rower  of 
g(^ncral  purpose  cojuputin<4  to  all  users,  and  (3)  uaderstandab  i  1 
ity  of  the  system  in  terms  of  p.on  computer-or  i(3nted  teacliers. 

The  v;orkiT^.g  system  uses  a  CAT  processor  called  CATALYST 
fihMV.   of  Pi  ttsl)urghl  .     The  alporitlimic  lanpua^c   is  an  extei:- 
siou  of  BASIC  called  NKK  BASIC^CNBS),     NRS  extends  BASIC  in 
four  areas : 

1.  l:xtertsion  as  an  algorithmic   language       .  e .   suffix  con- 
trol:    FOR,  WIIILR  /  TLSh  etc  0  • 

2.  String  functions  allow  for  greater  freedom^  in  respond- 
ing to  quest  ions . 

3.  hUeractive  capaiMlity  similar  to  languages  such  as 
JOSS. 

4.  Users  can  write  functions   to  suit   their  oun  needs. 

'\h<:   feature  of  NU'W  BASIC  that    Is  most  attractive  to  edu- 
cators  IS  the  mixing  o^  (Uial  and  solo  modes.     A  student,  oper- 
ating  in  t!;e  dual   moch?,  ma\'  elect  to  temporarily  go  to  the 
solo  mode.     i!e  then  returns  to  tr;e  dual  mode  at   the  point  he 
left    it.     This  allows  a  student   to  use  lis  own  program  to  cal- 
eel  ate  an  answer  for  the  dual  mode. 

In  one  test  school,   terminal  usage  increased  over  lOf) 
connect -hours  per  month  ])or  terminal  after  one  semester  ^^ith 
th.e  new  system. 


Robert  Lavton 
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I  kiiiiiiiniKl  ,    K  .    k  . 

(■'>iHpntoi-  (a^iplucs  :is   .111  Ai^t   to  StiiJciiv    I.c'Ij  rn  i  nj', 
I  cwVv  1  7'T:  Wy~  8  M:!  y     S 7  1  '  ^  " 

In  c<Mr,putcr  i?rapliics   the  stiulcnl   use:;  a  console  on  uiiieli 
i:o   siM.  N    i  li  fo  nna :  i  oii  Jisi^aycd  inclorually   (liV.c^  a  <j,ra]^lAl«  '\\\]\ 
t  hi  s  haiuiv    lui,  can  easily  Cdiiiiiare  wiiat   shruld  l)c  kione  w  i  t 

uiiat   he   is  I'oally  doini^.      In  this  sense  iie   is  aetunlly  trying?, 
to  apply  Ills  kiiou^  1  oc!  o,c^ . 

To  nppiv  Ills  knowledi'^e  correct  1\'   \o  a   i;ivcn   task,    lae  sta- 
ilcnt   iiuist    he  able   1  •>  make  iwany  co'?ipa  r  i       s .  rnusr   ho  ahle 

to  coiipare  in'operti-s  of  Ihs    iiult^nental    ^yst  (mh  v;  i  Mi  ptoikmM  i 

task    he    faces   so  an  a  pp  rop  )•  i  a  I     match  can   l)e    foiifui  .  The 
coinputer  can   heir   him  to  luake   snel)  comj^arisons  v  1  v  i  ^1 1  y ,  quick- 
I  y  ,   a nc!  accura  t  e  1  )• . 

IVith  computei-  graphics   to  aid    in  sucfi  comparisons,  test 
^i"i«ii>'   with  medical    studeiUs  at    the  !fii  i  vei's  i  t  y  of  Colorado  did 
siiow  tliat    oood  judi^^ment   can   he    learned   ranidl\'.      Computer  i\v:\- 
r^hics  also  has   poss  i  h  i  1  i  t  i  r  s    for  othei"  students    in  either  s!v- 
cjali::ed  or   refreslier  courses.     Reseai'di   ini^enuity  may  indeed 
lind  many  methods  of  usinj^  computers  to  study  human  tlioui^ht 
n roc  esses. 
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llickcy,  Albc^rt  i;. 

'  IL^L  (^^c^iu^nit  01^  in  Mnthoiiiiit  ics  lastruction 

TTfc"  Two'-Yc;Tr  CbTrct^c*  MatTiomatrcs "  Jour^^^  hVCSprinj'   1  970) 

pp.   4-1- 34. 

The  :iLithor   l  ists  aiu!  discusses   Tive  iiioeles  of  s t lulont  - c oni - 

initcr   interact  io]K     Tlicy  are:     proMcia  solving,  progrannnod 

desk  enlculalor,   s  ii:ui  1  at  i  on ,  drill  and  practice,  and  tutorial. 

ProhlciR  solving  is  hy  far  the  most  coinmon  instructional 
use  of  tlic  computer  at  present.     T:ie  student   is  required  to 
1)   analyze  and  structure  his  prol)lem,   2)   formulate  a  step-l^y- 
step  solution  to  be  carried  out  by  the  computer,  and  then  7>) 
encode  the  solution  ])rocedurc  in  such  a  way  that   it  can  be 
coniinun  i cat ed  to  t!^e  computer.     Tlie  article  ]^resents  a  set  of 
lirobloms  tlvat  can  be  used  to  correlate  jiroblcm  solving  with 
the  prc^ca Iculus  ma  t hema t  ics  curr  i  cuUnn . 

The  remaining  uses  of  tlie  computer  in   instruction  re(niirc 
that   the  computer  be  prcj^rogrammcd  to  some  degree.  Wlicthei' 
the  studei^t  writes  bis  o\<n  program  or  drawls   it   ready-made  from 
llie  system  ]il)r'ar)\    in  the  eiid  he  lias  at   !\is   service  a  tool 
wiiicli  he  can  use  to  expedite  his    investigation  of  tlie  proper- 
lies  of  mathematical    functions  and  <iua  [i  t  i  t  a  t  i  ve  phenomena. 
This  desk  calculator  mode  of   ijiteraction  may  ]^e  even  more  val- 
uabilv'   to  tlie   sci(M)Cc  student,    to  expedite  processing  of  lal)- 
vM'atory  data,    than   it    is   l:o  the  matiiematics  student. 

In  the  third  mode  discussed,    tlic  commit  er  can  be  loaded 
with  a  program  that  as  a)  available  i!i  the  library  of  the  time- 
sharing service,   b)  written  by  tlie  student,  or  c)  purchased 
'*rom  a  commercial   source  as  a  software  accessory  or  'Mnickage." 
The  p^rogram  cai^ses  tiic  co]n]Hiter  to  generate  data  clmrac t or  i  s t  i  c 
o!'  a  [>h\sical   process  or  mathematical    function  which  might 
otiicrwisc  be   inaccessible  to  the  student.     This  capability  is 
particularly  valuable   in  the  study  of  prol^ability  and  statis- 
tics.    The  computer  simulates  a   random  process  by  resorting 
lo  a   subroutine  wTncli  is  a  random  -  luimber  generator. 

'!  Sk    fourth  use  of  the  computer  presei^ted   is  the  drill  and 
::-ractice  prog,ram  that   presents  tlie  student  with  a  problem  to 
whicii  lie  nuist   supply  an  ai^swer.     Drill   and  practice   is  distin- 
vjuislied   from  the  desl:  calculator  and  simulation  modes  by  the 
roiiuirement  tliat   the  student  res]^ond. 

Ihe  fifth  and  last  mode  discussed   in.   tb.e  article   is  the 
tutorial  mode.      In  tliis  mode  of   interaction,   the  computer  sim- 
ulates much  of  the  behavior  of  the  skilled   teacher  and  may  add 
svime  (iualities  even  the  skilled  teacher  may  not  possess,  e.g. 
\-iitually  unlimited  memory   for  ].ast   performance  of  students, 
a   store  of   instructional  alternatives,  an  ability  through 
]\igh-S))ecd  calculation  to  let  the  student   introduce  data  and 
see  their  effect  on  the  output,  etc. 
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0  (■   [he   five   i  lis  t  rue  I  I  oiip  1   prcK'^ssi-s  Uisciisiuvl    in   tins  ,1  n 
;  c  U' ,    ^lu'   UUurl;'l   pio<.U    i      ro^uu!   t  ^>         thr  most    cost1\'  not  oiW)' 
ill   t(ri';s  of  oporat  irijj,  cost    ncr  sMuicMil  ,   liut   also   in  I 
ttio  co>t    oC  jux  p  roiM'aiiiHi  i  11 1'   the-  U"ss(>}\s. 


rnnn'jto r _P roar amminQ  ror  the  Mathema  ti  cf;  t ot  atory 
'^hfi  Mathona'tfcf;  Toacher      vT^f^r^,  n  1  ,  ^( Jan  fo73) 


H'ho  a\xthor  suqqests  that  a  worthwhile  lab  would  involve  thr^  \^5^o  of 
a  comnuter  facilitv  to  "j^olve  problenF;  and  even  do  some  elomentarv  're- 
search'",    l^e  illustrated  with  a  seventh  qrade  class  that  was  interested 
in  writina  nrortranis  that  would  direct  the  comnuter  to  print  the  nrimns 
between  1  ar»d  100. 

"In  the  process  of  writinq  nroqra:^s,   execute  na  and  de- 
hnnqina  then,  and  studyina  nroqram  output,   the  students 
learned  a  qreat  deal  of  mathematics  a>r)ut:  ?irir|e  numbers/' 

vieren  qoes  on  to  discuss  the  benefit  derived  f  x  o^^  the  conrMiter  in 
individualizing  instruction  and  qives  a  scheme  for  orderino  exercises 
accord inq  to  difficulty  and  educational  function.     'f^os^ihl*^  sources  for 
problems  are  suqqested  as  well  as  a  format  for  student  records. 

In  mv  estimation,  this  article  touches  unon  some  important  implica- 
tions for  computers  in  the  classroom.     First,  he's  correct  in  suaqestinq 
that  a  computer  could  be  used  for  problem  solvinq  and  elomentar*/  "re- 
soarch".     However,  he  seens  to  suqaest  that  the  kiddies  use  this  shinv 
little  monster  as  a  qimmick  for  doino  what  Teach  wants  then  to  do.  In 
other  words,  the  teacher  creates  or  cribs  49,000  problems  and  the  st\ident 
has  to  do  48,000  in  order  to  qet  an  "A'',  ^qoqp  to  qet  a  etc. 

Several  vears  aao,  calculators  were  the  areat  shinv,  intrinsic  moti- 
vators--alas ,   thev  have  faded  and  have  made  plantv  of  room  for  their  bio 
ster. -brothers ,   the  computers. 

A  beqinninq  acquaintance  with  conputinq  is  the  most  excitinq  thina 
that  has  happened  to  me  in  vears,  and  I  see  it  as  a  wliole  new  ohilosoohv 
of  thinkinn  rather  than  the  science  of  the  million  dollar  oencill 


Ron  Fdelnan 
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cih  1  o  K  C f PC t  i  y/o no s   m  t  he  Vouching  of  Mr^thcmatics 
AEapS^/iournal  ,  Vol  T  40,  SprliKj  1972 
r^acjes  105] -1058 

'f"h.  is  article  is  coiicornod  with   two  basic  ideas,   the  use  of  tlio  c:oin];u- 
t'?r  in  thf]  schools  and  why  the  computer  is  effective  in  teaching  mathe- 
matics . 

Computer  use  in  schools  is  in  four  main  areas:     1)  Computer  assisted 
Instruction  ''is  a  programmed  text  with  the  computer  turning  the  pages" 
and  is  not  widespread  due  to  the  high  cost  involved;  2)  Student  use  of 
canned  programs;   3)   Student  programming;   4)   Computer  courses,  which  have 
not  been  a  part  of  the  curriculum  in  many  schools  but  are  on  the  increase 

Computer  usage  is  mainly  limited  to  math  classes,  where  the  teachers 
need  to  know  how  to  program  and  how  to  teach  students  progrcimming  and  de- 
bugging techniques.     In  other  subject  areas,   the  teacher  only  needs  to 
know  how  to  call  a  canned  program  and  input  t};e  necessaj,*y  information. 
Materials  and  training  tend  to  be  more  available  to  mathematics  teachers; 

]ioln  the  non-math  teachers,   institutes  and  specialists  must  be  made 
availa}>lo  for  training. 

'ihie  use  of  computers  will  have  a  definit(?  impact  on  mathematics  clas- 
S(?s.     rhe  emphasis  will  shift  from  "what  it  is"  to  "what  you  do  to  find 
it".     There  is  also  a  subtle  difference  in  the  computer  attitude  toward 
varial^^les  and  the  conventional  mathematical  attitude,  and  this  differ- 
ence seems  to  facilitate  working  with  mathematical  expressions. 

Increased  emphasis  on  the  use  of  algorithms  which  occur  naturally  in 
i:-rogramraing  and  flowcharting/  v;ill  improve  problem  solving  techniques. 
Many  laath  topics  are  algoritlimic  in  natvire.     Hy  using  an  algorithm  appro- 
.ich,  students  should  acquire  a  higher  level  of  understanding  of  mathe- 
matical ideas.     Flow  charts  lend  themselves  to  this  type  of  problem 
solving  and  students  using  flow  charts  seem  to  do  better  in  their  math 
cI asses . 

Finally,   the  use  of  computers  has  a  singular  motivating  power  for 
n-any  students.     Students  will  often  work  hard  on  computer  problems  when 
they  will  study  almost  no  other  subject. 


Fred  Board 
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^ ^Slijji ^ ^  Ui/l  S  i  inu  lat  i  on  Syy;  U:« 

i'ducatiori  TechnoloqY  Vol.   9,   Mo.    10,   iJctohot  LOGO 
IMqes  64-70 

Toachi!Kf  Research  lias  devoloped  a  tiiroe-phase  approach  to  dosignin'? 
instructional  simulation  systcnv;.     This  apprcadi  involves   (1)  dotcnni.nvnM 
what  to  toach,    (2)   detonnining  how  best  it,  niiqht  bo  taught,   and  (3)  vali- 
dating the  system. 

Thirteen  spociric  .stcfxs  are  doscril;r^d  in  the  article  and  an  otfort  is 
made  to  expose  tl^e  vital  decision  }K)ints   In  each.     The  stef>s  are   (1)  de- 
fine the  ir^structional  problem,    (2)   describe  the  operational  educational 
system,    (3)    relate  the  operational  systems   to  the  problem,    (A)  specify 
objectives   in  l>ehavioral  terms.      (5)     ('Generate  criterion  measures,    (6)  de- 
termine appropriateness  of  simulation,    (7)   detGrrnine  type  of  simulation 
required   {interpersonal-ascendant  simulation,  machine  or  media-ascendant 
simulation,  or  nons  imulation  games).      (B)     Develop  sj;cci  f  i  cations  for 
simulation  experience,    (9)   develop  simulation  system  prototype,    (10)  try 
out  urototyf>e  system,    (11)   modify  the  prototyoe  system,    (12)  conduct 
field  trial.     (13)     /lake  further  modifications  to  the  system  deemed  appro- 
priate from  field  trial  experience. 

Included  in  the  Step  G  outline  are  a  list  of  situations  in  which 
simulation  may  l)c  useful,   and  a  list  of  arguments  against  simulation,  A 
table  for  use  in  step  7  presents  the  relative  advantages   (in  terms  of  IHj 
i rist ructional   factors)  of  each  of  three  lyfjes  of  simulation  techniques. 

LJoycl  Prase  r 
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VitolU,  .rohn  f.. 

roinxxitor  and  'i'o lev i ^ ion :  A  Joint  Vont.uro  for  iklucation 
Kducatlonal  Tdchnology ,  Vol.  12,  May  1972  ~^ 
PcKjos  44-47 

Thoie  exist  today  a  slow  hut  qrowinn  accoptanco  of  two  now  educational 
media,  television  and  the  compu-.er.     Television,  however,  has  been  used 
primarily  to  extend  rather  than  improve  instruction;  while  computers,  with 
tlieir  enormous  improvement  potential  have  severe  drawbacks  in  terms  of 
costs-per-student.     Merging  the  two  tools  may  help  to  overcome  the  short- 
comings of  each. 

Kducators  can  use  a  number  of  methods  to  accomplish  this.     First,  tel- 
evision monitors  can  dg  connected  to  a  standard  COT  {cathode  ray  tube)  ter- 
minal.    At  present  only  about  five  students  can  view  a  terminal  during  a 
demonstration.     By  usinq  monitors  a  class  of  25  or  30  can  view  what  is 
happening.     iraving  the  computer  at  his  fingertips  allows  the  instructor  to 
explain  or  demonstrate  concepts  much  more  easily  and  rapidly.     In  teaching 
about  the  computer  this  is  especially  useful.     Other  advantages  are  that 
the  CRT  and  monitors  operate  quietly  as  opposed  to  the  clattering  of  a 
stemdard  teletypewriter,  and  the  CRT  outputs  data  about  three  times  as  fast 
as  a  teletype. 

Second,   the  CRT  ccmputer  terminal  can  be  vs^id  in  the  preparation  of 
videotapes   for  classroom  use.     This  is  useful  wlienever  the  same  presenta- 
tion is  to  be  given  several  times.     The  teacher  can  use  the  CRF  device  for 
viewing,   then  sv;itch  it  to  "line"  and  uso    it  to  run  programs, 

'iiiird,   the  same  CRT  device  can  serve  as  either  a  televisioii  moniter 
or  a  computer  tenninal  in  a  learning  center.     The  student  can  view  a 
videotape  of  some  presentation  and  then  either  construct  his  own  programs 
or  use  one  of  the  prepared  progran\s  to  run  his  experiment. 

The  equipment  described  is  availalUe  at  ruany  institutions  of  higher 
i^Nirninc^  and  will  soon  be  available  at  elementary  and  high  scliools.  By 
using  one  or  more  of  the  three  methods  it  is  possible  to  reduce  cost  per 
pupil  expenditures  and  at  the  same  time  provide  a  more  rich  educational 
erivi  ronment . 

David  Dempster 
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SKCTION  A:  OVERVlKW  OF  CAT 
by  David  Moursund 

.Tano  Doo,  a  fourth  qradcr,  sitr;  down  in  fronL  of  a  TV-like  scroon 
with  a  typowri  ter-1  ikn  kovhoard.     Sho  turns  on  tho  machine  and  typns  i  hr:r 
J^Ludonfc  identification  nam>.^er.     The  scr(^en  lights  up  and  displays:  "MoUo 
Jane,   it's  nice  to  see  you  again  so  soon.     You  did  a  vei"y  good  }oh  on  your 
arithmetic  earlier  this  morning.     I  believe,  however,  you  need  more  work 
on  spelling.     What  would  you  like  to  work  on  now?''     After  a  moment's 
thought  Jane  types  in  speling.     The  machine  resnonds:   "Good,   I  can  see  you 
certainly  need  some  work  here.     Put  on  the  earphones.     When  yovi  hear  a  word 
on  the  eariDhonos  try  to  type  it  on  the  keyboard." 

As  the  lesson  proceeds  Jane  is  presented  v/i  hh  a  sequence  of  words  vi<] 
earphone/  and  later  a  sequence  of  words  via  pictures  of  objects  and  of 
situations  on  the  TV  screen.     The  machine  records  her  responses,  corrects 
her  errors  and  presents  an  appropriate  level  of  difficulty  of  new  v;ords 
to  be  spelled.     It  uses  information  of  Jane's  spelling  success  on  orevious 
days,  as  well  as  standard  spelling  lists  for  fourth  grade  students. 

Science  fiction?    Nol     Such  CAI  is  possible  today~-and  is  availa}:)le  to 
a  few  students  who  happen  to  be  going  to  schools  located  near  tho  major 
centers  of  research  and  development  in  CAI. 

A  Very  Brief  History      Computer  assisted  instruction  involves  an  inter- 
action between  a  learner  and  a  computer,     CAI  is  often  classified  into 
several  categories.     Drill  and  practice  is  much  like  computerized  flash 
cards,  and  is  commonly  used  for  arithmetic,  or  vocabulary  drill.     in  tho 
tutorial  mode  of  CAI  the  computer  presents  instructions  in  a  manner  simi- 
lar to  a  pro^jrammed  text.     Intricate  brancli.ng,  based  upon  the  student's 
responses ,  may  occur.     In  the  dialog-''-  mode  CAI  is  intended  to  be  much 
like  a  one-to-one  interaction  between  student  and  teacher.  Consideral^ly 
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noro  fU'ocJre^5^5  in  the  field  of  co;nputor  undersuandinq  of  natural  langu- 
aqo55  (I.e.,   in  arLificial  intelligence)   in  noodod  be^fore  much  qood  dia- 
loqtio  modo  CAI  materials  will  exist. 

All  three  forms  of  Chi  just  mentioned  involve  continual  interaction 
(in  "real  time")  between  a  learner  and  a  computer.  Before  the  advent  of 
time-shared  computing  this  meant  that  a  computer  could  serve  only  one 
student  at  a  time  in  a  CAI  mode.     Thus  relatively  little  significant  pro- 
gress occured  in  CAI  during  the  1950' s. 

During  the  early  1960 *s  time-shared  computing  began  to  emerge >  and 
several  significant  CAI  projects  developed,   Pat  Suppes*  work  (at  Stanford 
University)   is  well  known.     He  developed  drill  and  practice  materials  in 
mathematics  grades  1-6,  CAI  materials  for  teaching  logic,  language 
courses^  etc.     His  materials  were  tested  in  a  nuirJoer  of  schools/  and  pro- 
vided good  insight  into  some  of  tlie  capabilities,  limitations/  and  problems 
in  CAI , 

In  1959  Donald  Bitzer  at  the  University  of  Illinois  began  the  develop- 
ment of  a  keyboard  TV-like  terminal  for  use  in  CAI,  and  appropriate  soft- 
ware for  his  system.    This  project  has  continued  until  the  present;  PLATO  iv 
is  perhaps  the  best  and  most  sophisticated  CAI  system  currently  in  exist- 
ence. 

As  time-shared  computing  became  available  to  more  and  more  schools 
literally  hundreds  of  small  CAI  projects  developed.     Dozens  of  CAI  langu- 
ages were  developed  and  tried  out.     By  and  large  most  of  these  projects 
were  small  and  had  relatively  little  impact  upon  education.     To  illustrate  , 
it  is  an  almost  "trivial"  matter  to  write  an  arithmet'     drill  and  practice 
program  in  BASIC.     Problems  of  an  appropriate  degree  of  difficulty  are 
generated  using  a  random  number  generator,  and  correct  answers  are  compu- 
ted by  the  computer.    The  student's  response  to  a  question  is  compared  to 
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the  correct  answer  and  a  record  is  kept  of  the  number  of  correct  and  in- 
correct responses.     Feedback  to  the  student  is  a  reward  (THAT  IS  CORI\?:cr) 
or  a  punishment  (NO,  TRY  AGAIN)  . 

f"Al  sprtwaro  and  ilardwar^o    As  r^r^vioiujlv  indicated  ttho  typical  niiniraa! 
t'acillties  needed  for  CAT  are  cromputer  access    (porhaf:)S  via  a  sinqlo  koy- 
I'oard  terminal)   and  CAI  lessons.     Thus  CAI  can  be  carried  on  at  any  time- 
shared  computing  facility.     Hov/ever,   cons ideraJ^ly  more  or  better  hardware 
and  software  are  Jieeded  if  one  is  to  have  an  effective  instructional  sys-- 
tem. 

On  the  hardware  side  of  things  one  needs  a  computer  system  with 
appropriate  computer  power  and  auxiliary  storage,  and  with  appropriate 
terminals.     A  model  33  TTY  is  an  exceedingly  minimal  terminal  facility. 
It  is  noisy  and  slow.     It  lacks  both  audio  and  video  capabilities.  The 
gas  plasma  display  screen  terminal  bcinq  developed  by  Bitzor  at  the  t^ni- 
versity  of  Illinois  represents  a  "r"_;od"  CAT  terminal.     Tnput  by  the  student 
is  via  keyboard  or  by  touching  the  display  screen.     rxitput  to  the  student 
is  via  display  screen,  via  colored  or  black  and  white  slides  projected  on 
the  same  display  screen,  or  via  audio  from  a  random  access  recording  de- 
vice.     (The  Ltudent  can  also  record  his  answers  onto  this  device,   for  later 
reviev;  l^y  the  teacher.     This  would  be  useful   in  languages  courses.)  BlL- 
;:er's  CAI  terminal  is  now  in  ]  imiced  production  at  a  cost  of  £ibout  $5000 
per  terminal. 

On     of  the  softvMre  side  one  needs  a  computer  language  suitable  for 
v/riting  CAI  lessons,  and  a  software  system  suitable  for  presenting  lessons. 
Minimally^  an  interactive  language  such  as  BASIC  can  be  used  for  both  pur- 
pc^ses.     :fore  desira>ble,  nowevor,  are  the  languages  which  havp  been  devoloT)- 
ed  specifically  for  CAI  usage.     One  of  the  first  of  these  v;as  COURSKWRITFR 
T,  developed  by  IBM.     As  previously  mentioned,  many  dozens  of  these 
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larianafjes  have  been  developed.      In  general  CAI  software  consists  of  two 
parts.       One  part  is  a  languaqe  for  writing  CM  materials;   the  other  f)art 
is  a  system  for  presenting  the  lesson  material  to  the  student.  Examples 
of  such  systems  include  COURSEWRITER  11   (IBM)   and   IDF  (Hewletc-Packard)  . 
Current  National  Status      In  recent  years  tliere  has  been  a  decrease  in  the 
total  number  of  CAI  projects  receiving  federal  funding,  and  an  increase  in 
tl^c  funding  levels  of  a  few  large  projects.     In  particular,   large  amounts 
of  National  Science  t'oundation  funding  are  going  to  the  prATO  project 
Umiversity  ot  Illinois)   and  to  TICCIT    (University  cf  Texas  and  Mitre 
Corporation).     In  both  cases  rather  large  systems  are  be:. ng  field  develop- 
ed and  implemented  to  test  the  economic  feasibility  and  current  techno- 
logical feasibility  of  providing  CAI  to  large  numbers  of  students. 

CAI  is  also  beginning  to  make  significant  progress  in  areas  of  edaca- 
tion  which  are  typically  quite  expensive  (medical  school)   and/or  unsucces- 
sful  (inner-city,  disadvantaged  kids).     Major  projects  are  going  on  at 
several  medical  schools  and  in  large  cities  such  as  Chicago,  Los  Angelas, 
and  New  York.     By  and  large,  however,  CAI  has  not  yet  "arrived". 

At^  Oregon      To  date  CAI  has  had  almost  no  impact  upon  education  in 
Oregon.     No  major  federally  funded  projects  have  occured  here,  and  rela- 
tively little  research  or  development  work  has  been  jonr^. 

Of  course,   tiiore  ar    minor  exceptions.     At  both  Oregon  State  Univor- 
s  -  ty  ani  the-  University  cf  Oregon  a  few  small  CAI  projects  have  gone  on, 
and  a  fev;  studei.ts  ^ave  used  tho  materials.     (asu  leads  UO  in  this  regard.) 
At    r.ho  public  :sc}iool  level  the  Suppos  driil  and  oractic^  materials  in 
arithmetic  grades  1-6  are  available  on  tlie  Multnomah  County  TED  Hev;lett- 
rackard  system,  and  on  the  OTIS  Hewlett-Packard  system.     The  materials 
have  received  considerable  use  in  the  Portland  area.     Mike  Ounlap,  (for- 
r'.csrly  of  Centennial  High  School,  but  now  at  the  UO)  experi^nented  with  thie 


'f'hi^  ''r  snlLs  WtM'o  ru)t  f?iu:ouraq  i  n<j . 

t'lu?  IMturo       ft;  :ior!!Ks  clear  tluit  CA  i   will  (eventual  I  v  havo  a  major  imp  Kt 
upon  education.     Cost  studio  s  at  the  TLATO  and  TTCCIT  projects  suqqosi^ 
that  goovl  CAI  e.ystens  must  be  qiiito  large  in  ord   '  to  be  cost  effective. 
Thus  Bitzcr  s^:cakr.  of  4000  terminal  systems  driven  by  a  4-CPU  CDC  6400 
cofnputer  syst-.em.     lutxer's  current  syjU  cm  has;  about  200  terminals,  and  this 
will  bo  oxpcindod  by  another  SOO  terminals  durin^j  the  next  year.  Suc)i 
missive  CAI  systerr-s  will  require  carcf-?l  planniriq  and  c:oopcratioii  bcUvoon 
various  educational  levels  and  organ i  c^af: ions .     a1iey  will  ro<juire  large 
imounts  of  money  for  their  initial  irr^plementation .     Thus,   for  the  inosb 
part,   it  will  be  at  leajt  anotJujr  10  years  before  CAI  }jegins  to  have  a 
major  impact  upon  public  educatioi\. 

'['he  Literature      CAI   is  a  popular  topic  for  research  and  writing.  Conse- 
quently many  hundreds  of  articles  have  been  published.     The  beginner  should 
prc:)bably  seek  a  book  of  readings,  or  a  series  of  "overview"  articles.  Two 
of  the.se  are  listed  below. 

A  ^  inscn,   Richard  ariti  Wilson,   [{.A.    (i:di{;ors)   Computer- Asr^  Isted  Tnstnic- 
tion:     A  Book  of  Readings,   Academic  Press,  1069. 

Daniels,  Alan  (i:ditor)   nducational  Yearbook  1971-72,  The  British  Coni^njtor 
Socitty,  29  Portland  Place,  Tjondon .     (This  issue  is  devested  mainly  to  CAI) 

Heimer,   Ralph  T.    (Kd iter)  :     Compu ter~ Ass  is  ted  Instruction  and  the  Teaching 
of  Mathematics,    (Proceedings  of  a    national  CAI  conference  held  at  Penn- 
sylvania State  University.) 

The  National  Council  of  Teachers  of  Mathematics,    Inc.,  1969. 
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sr:cTioM  B:    coMi>rri:f^.  assisted  instruction;    soMf';  curr}':nt  litrratuw: 

by  F ra ncis  Fa r th i nq 
Although  many  tupos  of  machines  and  pieces  of  equipment  have  boon  in- 
troduced into  th'3  educational  environment  with  the  promise  of  significantly 
Lrnf>rovinq  the  quality  of  instruction?   none  have  [produced  the  siqnificant 
improvement  initially  promised.     Tliose  have  included  motion  pictures, 
teJevision.   language  laboratories,  programmed  instruction/  and  teaching 
machines . 

Computer-assisted  instruction  (CAI)   is  a  comparatively  recent  educa- 
tional concept,  having  been  on  the  educational  scene  for  less  than  f if  toon 
years.     IBM  researchers  developed  some  of  the  first  CAI  courses  in  1959. 
They  were  designed  for  teaching  stenotyping  and  binary  aritJimetic  (2)  . 

The  development  of  time-shared  computing  facilities  during  the  early 
1960 's,   and  the  rapid  performance/price  gains  made  possible  by  tliird  gon- 
oration  computer  hardware  have  helped  to  make  CAI  financially  feasible. 
Many  educators  feel  that  CAI  is  now  a  powerful  tool  for  improving  the 
effectiveness  of  our  school  systems. 

Not  all  educators,  however,   are  convinced  that  CAI  is  really  even  a 
form  of  teaching.     Some  prefer  to  reserve  the  \)Se  of  the  word  "teach''  to 
applv  '\,.only  to  advanced  methods  of  training  which  permit  a  student  to 
handle  complicated  problems  of  whose  fonn  and  substance  he  be  given  a  very 
broad  outline. "(6)         Other  educators  see  it  only  as  an  expensive  too]  for 
aosi.stiiig  students  with  a  low-level  learning  orocess   (drill  and  practice). 

Just  v;hat  is  the  potential  for  CAI  and  what  is  its  present  stat'^.^ 
This  is  the  concern  of  this  paper.     The  author  feels  that  a  lack  of  know- 
ledge regarding  the  developments  t}iat  have  been  made  to  date  and  the  po- 
tential developments  that  can  be  expected  in  the   future  have  tended  to 
make  educators  more  skeptical  than  Uiey  should  be.     Certainly,  the  concent 
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is  exciting  and  worthy  of  all  the  attention  one  can  give  it. 

Currently,  the  proponents  of  CAT  have  identified  three  fundamental 
characteristics  of  learning  which  they  ^'eel  the  computer  is  able  to  moot 
and  wh^ch  are  essential  to  the  sustained  interest  of  the  learner.  The 
first  is  feedback.     An  effective  CAI  pri)grain  responds  immediately  to  the 
student's  input,  gives  iminediate  feedback  to  the  learner  regarding  the 
correctness  of  his  answer,  and  supplies  him  with  information  regarding  the 
nature  of  his  errors. 

The  second  characteristic  for  good  learning  that  CAI  can  provide  is 
an  environment  whereby  the  learner  is  actively  involved.     In  CAI  one  typi- 
cally has  an  interactive  computer  terminal,  and  the  material  being  pre- 
sented requires  continual  interaction  on  the  part  of  the  student. 

A  third  desir^ible  characteristic  is  the  individualization  of  instru-.- 
tion.     This  is  a  strong  point  of  good  CAI  materials.     Lessons  can  be  pro- 
grammed for  the  specific  level  of  achievement  of  the  learner  and  for  his 
soecific  interests  and  ability. 

There  is  no  disagreement  among  educators  that  these  three  character- 
istics are  important,   indeed,  vital  components  of  the  teaching-learning 
process.     There  is  also  no  argument  that  comp  iters  cannot  be  used  effectiv- 
ely to  satisfy  all  three  of  these  demands  for  good  teaching  in  the  area  of 
drill  and  practice.     Currently,  then,  the  main  concerns  with  CAI  are  that 
it  does  not  meet  the  needs  of  an  "open  educational  setting"  and  that  it  is 
too  costly, 

Hall   (2)   lists  the  following  foir  definitions  of  computer-assisted 
instruction*.     The  computer  may  be  used: 

^Editor's  not^:     Hall,   like  many  educators,  confuses  CAI  with  the  entire 
field  of  use  of  computers  in  educu:ion.     The  current  chapter  is  concerned 
only  with  his  fourth  definition. 
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(!)   as  a  I a))f ) ra tory  compu t i ng  do vi co .     '\']\ir,  lypr)  of  f^roqram  f.onr:isis 
Hfiually  of  a  sinqlo  toriain.'t".  in  a  classroom,   thus  p(^rmittinq  students  dir- 
ect accc5>s  to  a  com|:jutor.     They  can  then  develop  programs  portirxont  ti,*  t'nn 
CH;urs<3  wurk  Ujov  are  t  dki.nq.     K-aI  I  estimates  that  currt_^ntly  a]:>out  ''00 
hiqh  schools  in  the  United  States  are  using  such  an  approach. 

(2)  as  a  record  keeper  and  retricvor.     Here  the  computer  is  prima- 
rily used  by  administrators  for  batch  processing  data  about  students. 

(3)  in  simulation ■     An  important  current  exarr<ple  is  training  pro- 
grams, to  provide  diagnostic-type  experiences  for  physicians  in  trainiruj. 
Hall  describes  one  such  simulation  device: 

Sim  One  is  a  lifelike  device  with  a  plastic  skin  which  re- 
sembles that  of  a  human  being  in  color  and  texture.     It  has 
the  configuration  of  a  patient  lying  on  an  operating  table,  the 
loft  arm  C/i'iended  and  ready  for  intravenous  injection,  right 
arm  fitted  ^ith  blood  pressure  cuff,  and  chest  wall  with  a 
stethoscope  taped  over  the  approximate  location  of  the  heart. 
Sim  One  breathes;  has  a  heart  beat,  pulse,  and  blood  pressure 
(all  synchronized)  ;  opens  and  closes  his  mouth,  blinks  his 
eyes,  and  responds  to  four  intravenously  administered  drugs 
and  two  gases  administered  through  a  mask  or  tube.     The  phy- 
siological responses  occur  automatically  as  part  of  a  computer 
program.  (2) 

(^)     as  a  tutor.     itiis  appears  to  be  the  most  common  use  associated 

with  the  term  CM.     According  to  Hall: 

There  are  various  forms  which  this  definition  might  as- 
sume,  the  most  common  being  that  of  5:)roviding  drill  and  prac- 
tice problems  to  students  at  a  terminal  and  the  most  complex 
being  that  of  sequential  exposition  which  provides  the  pri- 
mao/  source  of  instruction  for  the  student.     In  this  latter 
form,   a  relatively  complete  course  is  presented  to  the 
learner  by  means  of  a  computer,  (ibid) 

Some  authors  consider  tutorial  systems  and  drill  and  practice  systems 
as  separate  systems. (7)     They  categorize  drill  and  practice  systems  as 
systems  designed  to  help  a  learner  in  the  maintenance  and  improvement  of  a 
skill  and  tutorial  systems  as  systems  designed  to  assist  the  learner  in 
the  acquisition  of  a  skill.     It  appears  that  at  the  present  time  most  CAI 
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consists  mainly  of  drill  and  practice  ^VP-^  proqrants.     Fitzgibbon  states: 

(Xjtsido  of  using  tho  computer  to  teach  data  processing 
practices,  progranuning  languages^  and  problem  solving  tjchni- 
quos,  widespread  use  of  CM  in  public  school  classrooms  has 
been  limited  to  drill  and  practice  programs  in  mathematics 
and  I'nqlish  for  elementary  school   level... CMI,  where  the  com- 
i)uter  monitors  the  instructional  program  but  the  student 
does  not  interact  directly  with  the  computer,   is  being  de- 
veloped and  pursued  in  many  widely  scattered  situations,  but 
no  broadly-used  program  is  yet  on  the  scene.     Drill  and  pract- 
ice techniques  are  producing  evidence  which  supports  the  use 
of  CAI  for  such  activity  and  clearly  indicates  that  programs 
such  as  these  produce  results  worth  the  investments  necessary 
to  carry  them  off. 

Much  work  in  thi  tutorial  mode  of  CAI  is  being  done  at 
tho  college  level  ^nd  in  military  training  institutions  where 
more  sophisticated  and  costly  computer  equipment  is  avail- 
able.    Problem-solving,  gaming,  and  simulation  techniques 
are  exciting  but  again,  part  of  a  costly  hardware  system. (1) 

Although  the  jury  is  not  yet  In  regarding  the  use  of  computers  for 
assisting  in  instruction,  evidence  is  available  that  attests  to  the  effect- 
iveness of  drill  and  practice  CAI  programs.     Rosenbc,um  says  that,  ''enough 
evidence  now  exists  to  convince  all  but  tho  most  skeptical  that  the  admin- 
istration and  supervision  of  drill  and  practice  activities  in  the  classroom 
can  bo  facilitated  and  indeed  substantially  improved  through  use  of  a  w^ell- 
designed  CAl   ^ computer-assisted-ins true tion)  system."  (5) 

Vinsonhaler  and  Hass   (7)  have  summarized  the  results  of  ten  indepen- 
dent studies  of  CAI  programs  involving  ovc.   30  separate  experiments  with 
about  10,000  sub]ects  within  the  content  areas  of  language  arts  and  mathe- 
matic:>.     f-ach  of  tho  ten  prograns  studied  used  a  mode  of  CAI  described  as 
drill  and  practice.     Most  of  the  studies  compared  an  experimental  group 
that  received  tradi  tional  instruction  augmented  witii  CAI  with  a  control 
grouo  that  received  traditional  instruction  only.     Some,  however,  control- 
led for  possible  Hawthorne  effect  by  permitting  some  CAI  OAperience  for 
control  sulojects.     All  evaluati  ons  wore  norm  referenced  in  that  all  the 
studies  concerned  methods  for  improving  the  performance  of  students  as 
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incasurod  by  standardized  tests. 

'Hioro  wore  tliroo  major  larujuaqo  arts  fjroqrams  included  in  the  summary, 
'Vhity  wert>  from  California  (Ka^it  ralo  AltD),  Michiqan  (Waterford  IndvcorO  i 
and  Nnw  York   (liarcourt  firaco)  .     Tho  Cilifon-iia  study  included  88  suhj(?cts 
Uj  tfjr  first  grade.     Tho  Michigan  ritudy  included  68  subjects  in  tho  fourth 
grado  while  the  Now  York  study  included  1800  students  from  a  national 
saianlinq  of  fourth,   fifth,  and  sixth  graders.     The  results  in  all  instan- 
ces favored  the  CAT  groups  who  made  from  one  tenth  to  four  tenths  of  a 
school  year's  growth  more  than  the  control  groups. 

Seven  mathetnatics  programs  were  studied.     Two  fron  California  stud- 
ied, respectively,   182  pupils  in  grades  4-6  and  665  pupils  in  grades  1~G. 
^Vo  programs  from  New  York  studied  6534  pupils  in  grades  2-6  (3000  and 
353'1  re.sr)ect i vely)  .     IVo  studies  of  the  Waterford  program  were  reported. 
One,  of  the  1968-69  program,   reF)orted  regarding  391  f)upils  in  grades  3-6. 
'file  seoond  reported  on  the  1969-70  program  regarding  335  jjupils  in  grades 
2-6,     One  program  from  Mississippi  studied  515  pupils  in  grades  1-6. 

Kxcept  for  two  major  exceptions   (explained  by  lack  of  time  in  the 
program  and  by  testing  instruments)   all  those  studies  significantly  favor- 
ed the  CAI  groups.     Regarding  the  effectiveness  of  CAT  tlie  authors  con- 
clude: 

The  effectiveness  of  CAI  over  traditional  instruction 
seems  to  be  a  reasonably  well-established  fact  in  drill  and 
uractico  for  both  m.athematics  and  language  arts,  when  per- 
formance is  measured  by  SAT  and  MAT  type  tests.     In  the 
field  of  elem.entai^/  education,   there  appears  to  be  little 
reason  to  doubt  that  CAI  plus  traditional  classroom  instruc- 
tion is  usually  more  effective  than  traditional  instruction 
alcne  in  developing  skills--at  least  during  the  first  year 
or  two.     V/hat  remains  in  doubt  is  the  advantage  of  CAI  over 
other,   less  expensive  methods  of  augmenting  traditional  in- 
struction and  the  long-tenr^  effects  of  CAI.     There  are  indi- 
cations that  the  eff::!cts  obtained  with  CAI  might  be  obtained 
through  less  expensive  means.     For  example,  one  of  the 
studies  reported  by  Suppes  and  Morningstar  (1969)  suggests 
that  an  additional  30  minutes  of  ordinary  classroom  drill 
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and  practice  can  accomplish  the  same  results  as  a  IS-minute 
CAT  program.     Another  possibility  is  programed  instruction. 
Studies  have  shown  that  CAI  may  actually  prove  inferior  to 
;jroqrairjnod  instruction  under  certain  circumstances.  For 
example^  Dick  and  Latta  (19G9)   com}>ared  the  performance  of 
eighth  grade  students  on  CAI  and  PI  presentations  of  mathe- 
matics concepts.     The  results  favored  PI  over  CAI  on  all 
measures . 

In  the  field  of  drill  and  practice  for  mathematics  and 
language  arts,  who*  we  now  need  are  studios  which  com):>are 
CAI  with  other  nontraditional  methods  of  instruction  and 
which  attempt  to  identify  the  underlying  bases  for  the  CAI 
effects.     With  regard  to  the  latter,  we  presently  do  not 
oven  know  thie  major  sources  of  the  advantage  of  CAI  over 
traditional  instruction.     The  advantage  could  be  due  to 
direct  effects  of  CAI  instruction;   to  "novelty"  effects 
which  decline  over  a  oeriod  of  years;  to  changes  induced  by 
CAI  in  behavior   (additional  classroom  drill) ;  or  to  changes 
in  student  behavior  (voluntary  additional  practice) .  Re- 
search studies  have  established  that  CAI  is  effective;  we 
must  now  consider  the  more  sophisticated  question--"How  does 
CAI   improve  instruction?"  (7) 

A  word  of  caution;  however,  may  be  in  order  regarding  the  aforement- 
ioned evaluative  studies  which  were  all  based  on  standardized  test  results, 
ilall  comments  regarding  the  difficulty  of  assessing  the  effectiveness  of 
CAI  programs: 

One  of  the  difficulties  in  evaluating  CAI  today  is  the 
choice  of  an  adequate  cr.^torion.     Vfhen  instruction  is  indi- 
vidualized and  is  adapted  to  the  specific  weaknesses  and 
strengths  of  the  pupils,   it  is  inappropriate  to  use  a  nom- 
referencod  measure  for  evaluating  student  progress.     A  more 
appropriate  aoprach  is  to  utilize  a  criterion-referenced 
measure  to  determine  when  the  students  have  reached  the  de- 
sired level  of  achievement.     The  difference  in  objectives 
and  evaluative  devices  makes  it  difficult  to  compare  pro- 
gress in  CAI  v»ith  progress  in  the  conventional  classroom. 
Kven  with  these  problems  of  evaluation,   a  consistent  result 
in  the  use  of  computer-assisted  instruction  has  been  that 
the  same  amount  of  material  has  been  learned  in  a  CAI  environ- 
ment as  in  a  conventional  classroom,  although  with  a  consi- 
derable saving  of  time  in  favor  of  CAI.  (2) 

Many  skeptics  of  CVi  have  expressed  concern  that  with  such  programs 
students  feel  depersonalized.     Adequate  empirical  data  is  not  presently 
avaliable  regarding  the  attitude  of  pupils  working  in  CAI  programs.  Ac- 
cording to  Hall,  preliminary  evidence  indicates  that  students  involved  in 
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CAI  programs  do  not  feel  depersonalized. 

It  thus  appears  that  CAI  is  a  valuable  concept  even  though  its  cur- 
rent main  use  is  for  drill  and  practice  type  activities  in  the  langua<'fO 
arts  and  mathematics  areas  of  the  curriculum.     Riskcn,   in  discussing  the 
4«e  of  computers  in  teaching  compo.sition,  [)retty  well  summarizes  the  liMi- 
tat  ions  of  current  CAI  programs: 

Even  in  computer-aided  or  computer-based  instruction  faci^ 
lities,   the  most  that  can  presently  be  done  is  to  examine  a  stu- 
dent's answer  and  check  for  the  presence  or  absence  of  particular 
words  or  their  synonyms.     And  while  fairly  efficient  syntactic 
parsers  are  being  developed,  there  will  still  be  a  delay  of  at 
least  a  few  years  before  computers  can  "talk"  economically  and 
with  any  freedom  with  humans... a  completely  computer-based 
course  in  effective  writing  then,  is  not  currently  feasible. (4) 

It  would  seem  then,  that  the  future  of  CAI  hinges  on  whether  or  not 

it  can  be  adapted  to  fit  the  needs  of  children  in  an  "open"  educational 

environment.     In  such  an  environment  the  main  ^philosophical  concern  is  to 

give  the  learner  as  much  control  of  his  own  learning  experience  ai^  []os.;ih]r», 

Kosnick  states: 

lliosc  individuals  who  will  be  in  the  best  position  to  con^ 
trol   their  own  learning  experiences  are  those  who  command  the 
greatest  range  and  depth  of  "learning  skills."    The  nioro  that 
individuals  can  organize  bodies  of  knowledge,  search  texts  or 
other  presentations  tor  useful  information,  and  analyze  new 
55kills  in  order  to  "program"  their  own  acquisition  sequences, 
the  more  they  will  be  able  to  learn  independently  of  organ- 
ized programs  and  skilled  teachers.     Thus,  with  respect  to 
choosing  educational  objectives  on  which  major  technological 
resources  will  be  concentrated,  the  fundamental  principle 
suggested  is  to  give  preference  to  those  objectives  that  are 
"generati  ve"---i  .e.  ,  that  give  the  learner  some  increment 
of  power  in  learning  something  else  {cf.,  Bruner,   1964).  (3) 

Thus,   it  seems  that  the  future  of  CAT  depends  on  whether  or  not  the 

computer  can  bo  utilized  to  assist  the  learner  in  becoming  more  indepen- 

c'^nt  and  capoi^Ie  of  generating  his  ow^n  learning  experience. 
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by  i':ugeno  Thorn:; 

qrtijns;  of  those,  434  have  been  designed  for  use  at  the  secondary  school 
Ic'vol  and  5BH  at  the  college  or  adult  level   (many  arc  intend^K]  for  bothi 
areas  of  instrviction)  .     Of  course  the  majority  (nearly  60%)  of  the  procframs 
fall  into  the  math  science  cateQoi.'y.     The  remainder  cover  a  wide  variety 
of  subject  matter  areas,     llie  programs  listed  range  in  length  from  a  few 
lessons  to  full  semester  courses. 

Rather  than  attempt  to  review  a  number  of  individual  programs,  thi^> 
i^oction  will  discuss  the  features  of  three  major  CAI  systems  which  are 
either  currently  being  tested  or  are  to  be  tested  in  the  near  future. 
development  of  each  of  these  systems  has  been  funded  to  some  extent  by  the 
National  Science  fecundation.     These  systems  are  representative  of  CAI  tofLjy 
and  from  all  appearances  will  certainly  have  an  effect  on  future  education. 
THE  NEV7BASIC  SYSTEM  (1) 

CAI  work  in  most  situations  is  restricted  by  the  system  the  authors 
have  to  work  witli.     This  program  tries  to  overcome  some  of  the  drawbacks, 
to  allow  individual   instructors  and  students  some  control  over  the  CAT  they 
receive.     The  project  is  currently  being  tested  in  Pittsburgh.  The 
ex[vjriment  is  being  tested  in  secondary  schools  on  a  regional  basis, 

ine  author     r/v^/er,  (1)    suggests  that  the  use  of  CAI  is  helpful  in  get- 
ting students  into  writing  their  own  CAI  materials.     He  cites  the  example 
of  a  studeiu  v/ho,  after  using  CAI  programs,  become  interested  in  their  con- 
struction.    The  construction  was  exolained  and  he  then  proceeded  to  write 
a  drill  program  for  a  German  class.     At  first  it  was  simply  a  "paired-assoc- 
iative" drill;  but  soon  other  students  became  interested  and  German  lang- 
uage comments  to  correct  and  incorrect  responses  were  added  to  the  drill 
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program.     Since  iL's  difficult  for  a  person  not  to  want  to  know  v;hat  com- 
ment hc\y>  beon  made  c^:)Ovit  him,  the  rosuli:  was  that  the  students  using  the 
new  drill  learned  more  German  than  was  required  by  the  original  drill. 

Part  of  the  purpose  of  the  NEWBASIC  project  was  to  gain  insight  into 
the  requirements   for  a  good  CAI  system.     Initial  conclusions  as  to  the  re- 
quit  i:d  features  of  a  good  CAI  system  wore  the  following  three: 

1)  The  firsL  is  easy  system  access  in  all  modes. 

2)  The  second  requirement  is  that  full  power  of  general 
purpose  computing  should  be  available  to  all  users. 

J)     The  third  requirement  is  that  the  system  should  be 
"approachable"  on  the  educator's  terms.  (1) 

By  easy  system  access,   it  is  meant  that  the  language   {NEWBASIC  in 
this  case)    should  be  self-prompt ijjg  and  uncomplicated.     Easy  access  allows 
students  to  concentrate  on  the  content  of  the  CAT  rather  than  the  communi- 
cation with  the  system. 

Uy  Iiaving  the  full  power  of  the  system  available,   the  staff  and  stu- 
dents can  construct  or  modify  CAI  programs;   this  helps  to  make  CAI  more 
dynamic  and  also  gives  better  insight  into  the  capabilities  of  computers. 

The  third  requirement  of  the  system  can  be  thought  of  as  not  requir- 
ing users  of  the  system  to  be  qualified  computer  scientists.     A  good  sys- 
tem s]iould  be  usa'.Te  by  faculty  (and  students)  who  have  had  little  or  no 
training  in  the  computer  field. 

It  is  possible  iio  start  from  scratch  and  develop  a  language  suitable 
for  CAI.     Another  approach  is  to  expand  and/or  modify  an  existing  language. 
The  language  NKVmASIC  (NBS)    is  an  expansion  of  BASIC. 

For  those  who  are  familiar  with  BASIC  or  are  interested,  standard 

BASIC  for  this  system  iias  been  expanded  in  the  following  areas: 

1)  Kxtension  as  an  algorithmic  language:  NBS  allows  such  things 
as  multiple  data  types  {Rf:AL,  INTKGKR,  COMPhKX,  ijnmijE  RI:AL, 
etc.),  suffix  control,    {FOR,  WHILE,   UNTIL,  ELSF,  etc.), 
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multiple  statements   (IK  PR.   "LARGf:"  KLSE  PR.  ''SMLI/', 

GOSm^  120),  picture  formats,  dynamic  string  allocation, 
and  (^xtensivo   flic  handling  coininands . 

'/)     I'x tension  as  a  CAI  language:     string  function^i  that  al- 
low for  the  scan  of  user  input  are  provided  to  allow 
greater  freedom  in  responding  to  questions  posed  by 
drill  or  tutorial  programs. 

3)  F:xtension  as  an  interactive  lan^ruage:  a)  NBS  has  the 
interactive  capability  of  intorpe  etive  languages 
such  as  JOSS.     Program  execution  can  be  halted,  and 
varitil^les  examined,   experimented  with,  or  changed, 
using  direct  mode.     Kxecution  can  be  resumed  at  any 
point  in  the  program  with  a  direct  "GO  n^O"  command, 
b)     'llie  (^NBS  feature  permits  a  second  level  of  NBS 
access  for  students  who  are  under  control  of  a  first 
level  NBS  CAI  program.     c)   Kxecuti.ve  commands  (e.g. 
looking  at  directories  or  contents  of  files^  or 
asking  for  the  editor)   can  be  issued  during  either 
the  execute  or  create  phases  of  NBS. 

4)  Kxtension  to  meet  new  needs:     users  can  write  func- 
tions to  suit  their  own  particular  needs,  using 
assemijle  language,   FORTRAN,  or  NFWBASIC.     These  can 
bo  added  to  the  list  of  public  library  functions 
any  time  that  general  interest  warrants.     Inhere  are 
over  300  library  functions  at  the  present  time.  (1) 

Problem'^  with  ii.plementing  loops  are  avoided  by  a  new  statement  called 
F^ASS  which  acts  as  a  loop.     The  invocation  of  PASS  automatically  sets  up 
couitorii  and  incrementing. 

tJBS  has  tlie  ai^ility  to  scan  free  form  responses   for  certain  combina- 
tions of  kev  words.     This  feature  allows  the  student  more  freedom  of  ex- 
presfj  ion . 

/vmong  the  convenience  features  of  NBS  is  a  form  employed  to  aid  in 
writirq  CAT,   especially  at  a  beginning   level,     This  form  can  be  used  for 
each  discrete  area  of  a  tutorial.     Each  area  is  then  broken  down  into  3 
sections:     presentation  and  scan,   expected  response,  and  expected  error. 
The  form  shows  the  interconnections  of  those  areas  and  gives  the  range  of 
line  .^umhers.     This  range  is  helpful  in  avoiding  clashes  when  the  various 
areas  are  lumped  together. 
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In  the  prelirainai*y  report,  the  schools  have  experlencGd  an  increase 
fiTjin         to  100  connect-hours  ner  mont^j    in  the  diango  from  P'OHTR/.N  NFiS. 
A  numi)cr        CA^  programs  have  Ijoen  completed,   and  are  now  being  tested. 
The  only  econo;r.ic  i  nfo^ination  at/ailab.le  is  that  ttie  test  school  system 
v.'ould  need  to  increase  it's  Ivudgec  2%  to  support  200  t(}rTninals  tor  grades 
8-12. 

'ni\^  TICCIT  SY^Tm{2) 

TtCClT   ( l.in\e-sharen  interactive,   computer  controlled  i  .if oriPvat ion  tele- 
vision)    Is  being  developed  bv  Mitre  Corporation  in  conjunction  with  tlie 
I'niversity  of  I'exas  and  Brigham  Young  University.     The  goal  of  thas  system 
IS  that  of  supplying  effective  and  econoiaical   CAI .     This  project,  like 
PI.ATn,    is  receiving  a  large  amount  o/  National  Science  Foundation  funding. 

The  input-output  device  for  this  system  will  consist  of  a  color  tf>le- 
vision,   keyboard  and  headphones.     The  television  set  will  be  capal:)le  of 
displaying  textual   material  in  a  type  sie.e  suitable  for  easy  reading.  Hoth 
iv'Xt  background  color  may  be  specified.     Audio  mfcjrmation  is  stored 

^^i.  r,:indon  access  record  rjlayers.     besides  displaying  text  and  graphics,  the 
t-levision  can  also  be  used  for  play-back  of  standard  video  tapes.  The 
use  of  television  sets  as  a  major  part  of  a  tenainal  is  quite  important. 
It   suggests  tin'  f)Ossibility  of  putting  CAI  into  the  general  public's  homes 
via  cable  TV. 

This  system  is  composed  of  two  small  computers,   one  to  provide  termi- 
nal  service  and  the  oth^^r  for  stand-^rrl  computer  operations.  T'rogrrtm 
material  will  he  kept  on  disk  storage.     Console  connections  will  be  either 
direct  or  vie.  cable  television  lines.     i-ach  terriinal  will  have  an  integral 
curcuit  .T:emo>y  device  to  alleviate  the  problem  of  "refreshing"  the  tele- 
V i  s  i on  s  creen  d i sp 1 ay . 
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the  cost  of  such  a  device  is  a  major  expense  for  the  console;  but  the 
prices  in  the  area  of  electronics  are  being  reduced  rapidly.     (In  I960 
Mitre  Corporation  d.'' d  a  feasibility  study  of  a  10,000  terminal  CAI  system 
based  upon  using  modified  TV  sets  as  terminals.     Estimated  costs  were 
under  "jOC^  per  terminal  hour.) 
THK  FM.ATO  IV  SYSTKM  (4) 

The  PLATO  IV  project  at  the  University  of  Illinois  is  perhaps  the 
best  representative  of  what  CAI  can  be.  The  PFiATO  (Prograrruaed  Ijogic  for 
Automatic  Teaching  r:)perations )  project  began  1959  under  the  direction 
of  Donald  Bitzer.  In  its  early  years  it  received  support  from  Control 
Data  Corporation  in  terns  of  a  free  computer.  One  of  its  first  CAI  pro- 
grams (1960)  was  a  series  of  lessons  designed  to  teach  computer  program- 
ming . 

'Vho  PLATO  IV  project  is  an  outgrowtli  and  loqical  continuation  of  the 
original  projects     Over  the  years  the  PIATO  system  has  been  used  by  largo 
nuin>)ers  of  students  in  a  wide  variety  of  courses.     Statistics  have  been 
gathered  on  the  experience  of  100,000  student  hours  of  usage  of  the  system. 
Those  statistics  provide  the  basis  for  design  of  newer  and  better  systems. 
T/iey  also  provide  the  basis  for  projections  of  the  costs  per  student  hour 
of  usage  for  the  newer,   larger  systems. 

rne  current  {PLATO  IV)   project  is  operating  under  a  $5  million  grant 
froin  the  National  Science  Foundation  along  with  a  large  arnount  of  funding 
from  the  state  of  Illinois.     The  hardware  and  software  to  support  a  1000 
terminal  system  is  being  developed.     A>)out  200  teminals  have  already 
boon  put  on  the  system,  and  another  500  terminals  are  now  being  manufact^ 
ured , 

As  envisioned  by  Donald  Bitzer,  a  single  PIJ\T0  system  will  ultimately 
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he  abl(i  to  handle  4000  terminals.     Thi?  computer  to  do  this  will  be  a  Con- 
Lro]   n-it^a  CN.5ri)('>rat  ioj^  hAOO  wi  tli   four  r^entral  procGss  i  ivj  units.  Communica- 
tions costs  v;ill  bo  laininuzod  by  mul  ti  f>loxinq  on  leased  linos  and  ]:iy  use 
of  educational  television  channels.      (One  TV  cable  channel  can  accomodate 
one  thousand  remoto  CAI  terminals.) 

The  present  test  version  of  PLATO  r»ses  Bit:^er's  torrunals,  which 
cost  around  $5,000  each.     Ma*=:^  production  should  reduce  this  cost  consid- 
erably,    Bitzer's  projection  is  about  $1,800  each.     Terminal   features  in- 
clude a  olasrna  display  screen,   a  random-access  audio  device,  a  random- 
acct^ss  slide  projector,  and  a  sensor  system  in  the  displav  which  responds 
to  touch.     This  type  of  display  does  not  need  to  be  restimulatr^d  as  is 
tiie  case  for  television. 

Th:^  estimated  cost  per  student  hour  when  F?LATO  is  fully  operational 
is  50  t,o  80  cents   (projected  1980  costs  based  on  1970  dollars)  .     A  major 
consideration  in  the  projected  costs  involve  software  (instructional 
inateriais)  .     If  widesproad  use  of  the  software  is  realized,  their  pro- 
d  jvtion  cost:}  would  be  minimal  •     The  computer  if-eif  costs  in  the  neigh- 
borhood of  5  million  dollars.     It  has  much  faster  memory  access  than  pre- 
sently possible  on  memory  discs.     It  qives  terminal  response  in  a  tenth 
of  a  second  and  allows  each  user  nearly  complete  compuier  computational 
Gowe  r . 

The  state  of  Illinois  has  shov;n  considerable  interest  in  this  system 
and  is  supplying  about  half  the  demonstration  cost.     Op"  reason  for  this 

i)ecauso  it  has  been  predicted  that  eventually  such  a  system  could  help 
the  state  accomaodate  a  20^  school  enrollment  increase  at  a  2%  increase 
X n  the i r  budq e t  for  odacat ion . 
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CAf  is  on  the  verqo  of  bninq  ^'-^"^^ly  to  make  a  siqni.fi cant  impact  upon 
the  world  of  education.     The  two  major  projects,  TICCIT  and  PLATO,  roprc,*- 
i^ent  two  major  ideas  on  what  might  ev^^ntually  come  to  be.     TICCIT  is 
testing  ideas  which  w^ouLd  allow  the  home  TV  set,  and  community  antenna 
cable  TV  Mnes,  to  be  hooked  into  computers  to  bring  CAI  into  millions  of 
homos.     PLATO  is  testing  an  advanced  CAI  terminal  and  system  designed  to 
provide  economical  CAI   in  units  of  1000  terminals.     The  University  of 
[llincas  itself,   for  example,  may  cventaully  have  1000-2000  terrainals  on 
Lis  campus.       'Vbis  is  bound  to  have  a  significant  impact  upon  its  educa- 
tional program. 

A  fundamental  question  about  CAI  is  the  effectiveness,  or  the 
cost/effectiveness  of  such  systems.     Considerable  research  remains  to  be 
done  to  measure  the  effectiveness  of  CAI  against  oUier  modes  of  computer 
hardware  along  with  economics  of  scale   (4000  terminal  systems)  suggest 
that  40C-80C  per  student  hour  of  usage  may  well  be  possible.     If  so,  we 
can  expect  CAI  to  become  comraonplace  in  the  homo  and  the  school  during 
the  next  20  years. 
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l  ii^'  i'onr  t  h  Vcvo  I  ut  i  on 


I'h  I  s  editor"!;)  I   bv   t  lu;  cnlitor  o  I*  Scio  nct*  ]jroposos  tliat 
niucli  (M'  tiic  research  and  devo  1  o]>nion  t    i  If  e'duc  a  1  i  on  f)e  directed 
Uito   t  !ie   investigation  cm"  CM  as  a  medium  offering  better  qual- 
ity  te^iching  for   less  money   iu  some  subjects. 

Abel  son  quotes  a  report  by  tlie  Carnej^ie  Commission  on  l!i  jail- 
er fiducatio]\  wiiicli  predicts  general  use  of  coruputcrs   in  librar- 
ies by   1980  and    in  sc1k)o]s  by  JOPO.     Although  the  report  cites 
four  ]najor  advantages  of  CA I  :     1)    iiukqiendent   study,   2)  richer 
variety  of  courses  and  methods  of  teaching,   3)   infinite  toler- 
ancr^  and  patience,  and  4)   off -campus   instruction,   tlie  authors 
ru'cdict  a   loj^ig  delay  to   its  accentance  due  to  the  "inertia  of 
highcM'  education"  and  tlie  d  i  scncliantment  u^ith  CAT  so  far. 

Ab(^lson  ]ii'oposes  that  a   largcM-  project    is  needed  to  suc- 
cessfully demonstrate  cost-  ajid  ciua  1  i  t  y -e  f  f  ec  t  i  venes  s  of  (^A  I  . 
lie  mcjitions   two  systems  now  luider  dove  1  opjnen  t  ;   one  of  thoin, 
the  IM a t o  system  at  the  University  of  Illinois,    is  scheduled 
to  begiji   in  the   fall  of  1P73  a  tv.o-year  demonstration  of  new 
hardware  and  new  CAl   j^rograms  on  SOD  to  1000  terminals. 

lie  ends   ihc  article  witli  a  call   for  "critical   and  imagin- 
ative tb.inking"  about   the  nossilUe  adverse  effects  of  the  new 
t  echno 1 ogy  . 

Marlyn  Kern 


('a  ]  i  ngacrt  ,   Pe  t  ei* 

'I  eaclu/r_Conj  rol  in  Commiter  Assisted  Instruction 
1  Ap  r  J 1  ,   1  5  71 7 Hp  V'  T  AvariTb  R  ^ITi  r  mil^  T^r}  
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Svstems  of  comput or -as s i s ted  Instruction   (CAT)  can  he 
class  if  i,'d  according  to  uhether  t!ie  author,   student,  or  teach- 
er controls   the   interaction  f>etween  tlie  student  and  the  com- 
puter.    Roth  autb.or-control  led  and  s  tutlen  t -c  on  t  ro  1  1  ed  CAT  liave 
l''^'^  ^rdvri:>  tages  o  f   i  nd  i  v  i  dua  1  : -ed   instruction,   privacy   for  mis- 
takc>,  a:ui   flexibility,  hut     are   tremendously  expensive.  Stu- 
dent -  cOii  t  ro  li  ed  CAl   furth.er  allows  a  student   to  I^c  much  more 
^^^'^yyc^  hxiX   also  makes   supervision  difficult.     A  teacher-con- 
trol 1  ed  sys  t  em  used  as  anotiier  teac!iing  tool    i)efore  a  whole 
clas-  of  students   is  much  cheaper  than  the  other  types  of  CAl, 
'^i-d  adds   to   the  computer  program  :;n   iritelligent  subsystem,  the 
y'"'^^;-^'\   tv'   tiller   :nput  and  modify  t!ie  stream  o^  presentation, 
ieac!>er  ^coiit  ro  1  led  CAl   gives  u|)  the  advantages  of  'individual 
auention,   :^rivac>'  and   f  1  (-c  i  b  i  1  i  t  y  ,  hut   t  he' c  r  1 1  er  i  on  of  cost- 
e!  sect  1 vene-s   makes   it   an  attractive  poss  ih  i 1 i  tv   in  the  hands 
ui    ;i   skill  f  u  1  teacher. 

Thomas  Stone 
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Iltimmol,  ()avi<l  n. 

An  Introduction  to  ^-O'^f^^^^-r^^^/l^^        rnst ruction 
Modorn  Data  Vol.   5,  No.   10,  October  1972 
TagoH  '12-40 

GonGi'ally  CAl  refers  to  individual  tutoring  usi.^g  a  computor-con- 
trollod  prGsonta^i.on  of  matorial.     Multiple  students  workinq  simultano- 
ously  at  terminals  and  interacting  independently  with  the  computer  make 
vxp  the  system.     Ideally  a  student  should  be  able  to  study  any  lesson  in 
the  CAI  repertory  if  he  has  the  qualifications.     She  should  be  able  to 
progress  at  her  own  rate  independent  of  time  and  instructor  availability, 
being  required  to  demonstrate  an  understanding  of  the  current  subject 
matter  before  being  faced  with  new  concepts.     The  computer  maintains 
records  of  student  progress  in  order  to  tailor  the  lesson  to  his  needs 
and  also  to  reveal  weaknesses  in  the  lesson  (providing  for  modification 
of  the  system)  .     At  any  point  the  student  should  be  al>le  to  ask  for 
clarification  of  material, When  the  answer  is  inadequate,  assistance  from 
a  proctor  should  be  provided. 

The  main  argument  for  CAI  is  that  it  provides  a  means  for  indivld-- 
ualizing  instruction  as  opposed  to  Tradition--Administcred-Instruction 
(TAI) .     Typically,  the  TAI  instructor  aims  his  presentation  at  students 
with  varied  levels  of  aptitude  and  achievement.     Individual  needs  of  the 
students  are  not  met  and  the  slower  students  become  frustrated  while  the 
brighter  students  lose  interest.     Unless  the  class  is  quite  small,  the 
TAI  instructor  is  often  not  able  to  determine  whether  or  not  each  stu^ 
dent  understands  the  current  material.     False  concepts  assimilated  during 
a  classroom  lecture  or  failure  to  grasp  the  correct  concepts  may  mean 
that  the  future  material  will  not  be  learned  properly. 

CAI  requires  a  blending  o.   several  disciplines.     Tht.  basic  lesson 
text  should  bo  specified  by  subject  matter  experts.     Educational  psycliol- 
oqists  next  introduce  appropriate  teaching  strategies.     Programmers  then 
translate  the  lessons  into  software.     Finally  the  system  must  be  field- 
tested  and  modifications  implemented  into  the  system.     Ideally  CAI  sys~ 
tems  hardv;arc  must  be  developed  along  with  the  development  of  a  CAT 
language  with  support  software.     Teletype  equipment,  currer.tly  used  for 
communication  beceiuse  of  its  low  cost,  is  largely  inadequate. 

Thus  far,  results  obtained  using  CAI  have  not  been  significantly  dif- 
ferent from  those  using  TAI.     Matters  are  further  complicated  by  costs 
much  gr.  ater  than  TAI  costs.     This  is  attributed  largely  tr  a  lack  of 
hardware  capable  of  dealing  with  student/system  interaction  adequately. 
Ultimately  CAI  will  become  competitive,  with  the  establishment  of  a  com- 
puter facility  which  will  service  thousands  of  terminals  in  schools, 
homes  and  industry.     Costs  will  become  tolerable  through  large  scale  time- 
sharing of  its  facilities.     Industry  could  design  and  develop  such  a 
system  withi;    5  years  if  adequate  fundi  ig  were  avaiir.hle. 

FredO'ric  Daniels 
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I ininnioju!  ,   All  on   I . 

(\)i'ipu  t  o  r  -  Ass  t  s  1  Oil   I  lis  t  i-uc  t  I  on  :     lU\ny  H  f  1^^  r  t  s  ,   Vixod   Rc^su  1  t  s 
S^icnoc,   Vv:»l.    17i>,    J.hnic'J,   I^ps.  lOOj-lOdh 

l^nnputor  Assisted   Instruolic>n    U^M  ]    is   kioiierally  st'on  as. 
iiavijii'.  ;i  j)otojitial    !\>r  major   im[")aot   on    i  nJ  i  \^  i  ciiia  I  i   ed  instriic- 
tioa.     l^esistanco  to  clmiu^o  h\*  sc!iool   systons  and  high  costs 
aro  prosonll)'  the  major  ol^staclcs    in   tlio  ]iath  of  this  predict- 
^*d   impact.     Als^^,  CAT  systems  based  on  older  coinjnitin^^  sys- 
tens  have  definite  disadvantages.     Xew  CAT  systems  are  being 
deve  1  oped  spec  i  f  ica  1 1)'  for  educa  t  ion  . 

>;.l.'i.'s  Seyiuovir  Papcrt  and  colleag^nes  liavc  developed  a 
iiiochaii  i  ca  1   "turtle"  wluch  responds  to  programs  written  by 
children  and  leaves  a  trace  of  its  path.     linglish  based  LOGO 
language   is  used.     In  trying  to  cause  specific  traces,  tlie 
student    learns  various  abstract  concepts   informally  wl^cn  wri- 
ting the  programs.     This   is  an  example  of  CAT  for  cnricliment 
rather  than  tlie  normal  drill  or  tutorial  generally  expected  of 
CAl  , 

Stanfor-^[  IJn  i  ver  s  i  t  >' ^  s  Patrick  Suppos  and  colleagues'  drill 
and  practice  system  for  grades  l-(>  iias  boon  rather  extensive- 
ly used  and  tested.     Tliese  programs  are  used  to  assist  teachers 
in  aritlimetic  drill   5-10  minutes  each  da)'.     Tlie  jn'ograms  con- 
sider tlie  psychology  of  learning  \vhen  setting  up  the  stiulent's 
cjuostions  and  pro])lems.     Testing  has  shown  sucli  a  program  can 
increase   learning,   although  mijriinally  more  tlian  good  drill  by 
u   t  cache r . 

At    the  college  level,   Stanfoixi  had   good  results  wvith  a 
Russiari  CA\   course.     This  course  ]n*oduced  r^ore  student  learn- 
ing',,   increased  en ro  1  1  iricn t  ,   and  luad   fewer  dropouts.     The  course 
v.as  thi'oe  times  as  expensive  as  normal,   so   it   was  discontinued. 

r^a  1- 1  iviou  t     provides  nearly   100  terminals   in  various  loca- 
li  v-iis  on  campus.     An  estimated  OO'l  of  their  3000  undergraduates 
'i<c   the   system,   which  has  data  available   for  social  sciences 
.iid  Inisiiiess,  gai^ies,   simulations,   and  norinal   compi]  t  at  i  ojial  fea- 
lares.      i^ASH;  is  used  on  a  system  capable  of  liandling  160 
u:>ers  witii  S)'stein   failure  averaging  once  per  day. 

A  '..ompuler  controlled  microfiche  system  is  being  developed 
lo  g^vo  \'oc  a  t  i  ona  1  - 1  echn  i  ca  1   training   for  tlie  Air  Force.  b.C, 
rrick  "ad  othvrs  of  M.I.T.'s   Lincoln   haborator>'  arc  develoi)- 
irig  *  r»e   systei'i  that   uses  jnicvoficlK^  containing  recorded  dir- 
ections and  conimejits. 

Sceptici-^.i   is  still   ]^re\'alont  despite  the  efforts   in  CAl 
viate.     Second  generation  CAl   svstons   si^ould  be  capable  of 
ox'cM'eoming  laan)'  nf  the  ru'esent  drawbacks. 
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CiMuni 1 1  e r  -  Ass  i  st  od   1  i\^s  Lr uy  t  io f i  :     '\"\<o  Ma  i  o r  Demo n s_t  r a_t i o ii s 
Scicru-e  ,  Vol  T76  ,"""n0,  Punc72  j"?^p.    1  1  lo"-  1  i  f?  ' 

In   the  near  I'uturo,   t  uo  niajor  CAT  systems  will   be  demon- 
strated  for  a  two  year  period.     Nine  million  dollars   in  sun- 
port    is  being  provided  by  the  Xational   Science  I'oundation. 
l:ach  system  vvill   be  evaluated  by  Princeton^s  bXlucational   Test  - 
inj;  Service  under  a  separate  million  dollar  contract. 

The  orii^inal   PLATO   (jn-ogrammed   logic   for  automatic  teach- 
ir.g  operations)   system  start  occurred   in  lOfO  at   t!ie  Hniveisity 
of   Illinois  and  has  already  provided  uri  i  vers  i  t  i  es  ,  colleges, 
and  other  schools  with  more  tlian  100,000  CAl    instruction  hours. 
This  system  will   begin   its  demonstration   in  tiie   fall  of  1073, 

Tlie  PLATO  system  is  based  on  a  Control  Data  Corporation 
b'lOO  computer  with  four  central  processors  and  is  ultimately 
capai)le  of  handling  4  000  student  terminals  Kithin  a  800  mile 
radius,  T!ie  demonstration  will  liave  between  SOO  and  lOOn  ter- 
miruals,  however.  The  CDC  computer  has  .1  second  terminal  re- 
sponse time  and  allows  extremely  rapid  access  to  blocked  i  f) - 
foi'mation   since  no  slow  disc  memory   is  used   for  lessons. 

The  terminals   for  PLATO  are  [perhaps   its  most  sophistica- 
ted  feature.     It  has  a  j^lasma  display  screen,   ke)T^oard,  ran- 
dom-access slide  projector,   random-access  sudio  s)'stem,  and 
toucl)  sensitive  display.     '[]\c  terminal   can  be  connected  by 
normal   telephone  connections,  or  for  remote  areas,  as  man\'  a: 
10(^0  tennifials  m;iy  be  connected  by  a   sinj'le  cuhicational   1 .  \' . 
cluinnel.     Tlie   terminals  can  disj^lay  up  to   180  characters  per 
second  . 

TirroPs   is  based  on  L,nglish  syntax  and  grammer  and    is  an 
easy  programming  language  to  use   for  teacliers  unfamiliar  with 
comi>uters.     This  author   language  lias  In^en  extensively  tested 
previously  aiul  should  be  reliable.     TUTOR  has   facilities  for 
J  udg  ing  s  tudent   answers ,   di  alogue  preparat  ion  ,   genera  t  ing 
grai>lncs,   higli  s])eed  vocatudary  searcli  methods,  etc. 

The  goal   of  the  PLATO  system   is  to   increase  tlie  produc- 
tivity of  teachers  and   the  j)rocess  of  education.     The  system 
is   intended   to  be  used   in  all  areas  of  education  with  varying 
eduicational   strategies.     Tfiis  system  has  and  will   continue  to 
rel>'   for   the  most   part  on  materials  produced  by  individual 
t  cache r s . 

A  cost  of  50-80  cents  per  hour  per  student  is  the  fore- 
cast uiien  the  s>'stem  is  fully  o]H*ra  t  iona  1  .  I'h  i  s  includes  de- 
velopment of  course  materials  and  the  time  beyond  the  normal 
10  hour  instructional  week  being  sold  to  other  users.  Mass 
production  of  the  terminals  sb.ould  also  reduce  their  j-resent 
$5,000  cost.  Tlie  state  of  Illinois  is  providing  nearly  half 
'iv  tincoming  demonstration  cost,   since   it  has  been 
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prcdictc^l  that  such  ;*  s)'Stcm  could  allow  an  enrollment  increase 
or   'H'.,   al  an   increase  of   21   in  t  Ik^  eclucn  t  i  OimI  1  luuliTef. 

Ticcit    (  t  i  me  -  s  tia  red    n^teracl  i  \'e  ,   coiaputer  controlled  in 
foniKition   I'Movision)    is  heinp,  developed  by  >Mtr(^  Cornoration 
if)  conjunction  with  the  liii  i  ve  r  s  i  t  y  of  Texas  and  lirii^haiii  Youn.c^ 
lifjiversity.      Its  i',oal    is   that   of  sho^vinp  that  CAl   can  l)c  pro- 
duced and  !)ackat!;ed   in  a  way  th^t    is  'economical   and  effective. 

Ticcit   is  not  centralized.     It   is  built  around  two  small 
computers  capable  of  handlii^g  TOO  terminals.     One  Avill  service 
the  terminals,  and  the  other  will  process  answers. 

liach  terminal    is  composed  of  a  color  television  displa)', 
ficadphones  ,   and  keyboard  .     Random-access  cominiter  contro  1  led 
record  players  provide  audio  output.     Terminal  connections 
will   be  either  direct   or  by  cable  television  channels.  The 
display  can  exhibit  up  to  17   lines  of  43  characters  with  both 
the  display  and  background  color  specified.     Video  taped  ma- 
terials can  also  be  displayed. 

The  program  materials  will  l)e  developed  by  subject  area 
spec  la  1  i  sts  ,   in^ogrammevs  ,   and  educa  t  i  onal  psychology  sts  .     T!i  i  s 
method  would  place  thn  teacher   in   the  role  of  diagnostician, 
riie  progranis  are  designed  to  give  each  student  a  variety  of 
approaches   to   learning,   including   touches  of  fun  and  humor. 

This  system  will   start   its  deiiions  t  ra  t  i  on  period   in  1974 
at   the  community  college  level.     Standard  and  remedial  courses 
in  r.nglish  and  mathematics  will  bo  the   initial  program  mater- 
ials available.     They  lioi)e  to  show^  a  displacement  of  20%  of 
I  he   t c  ach  ing   load  . 

Tb.e  estimated  cost  of  tl^e  system  with  terminals  is 
SdO0j)0i).      The  co^^t  jHM^  student  per  hour   is  estimated  to  be  .^S 
cer. ts,    hut   this  tioes   not    include   the  cost  of  producing  program 
ni;j  t  e  r  i  a  1  . 

lie  costs   involved    in  com]niting  are  rapidly  beiag  reduced 
-md   the    i  ice  it  and  IM.ATO  systems  will   likely  have  a  major  in- 
fiueiK'e  on  education,   especially   if  they  prove   to  be  effective 
and  cc  onom  i  ca 1 . 


hugene  Tlioma  s 
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Mooror,  Jamr^s  Anflerson 

Music  and  Computer  Compogt t ion 

Communications  of  the  ACM,      v*  14,  n  2  (Feb  1072) 

Congiderahle  work  has  been  done  usinq  the  computer  as  a  musical  nor- 
former  and  composer.     An  early  ILL! AC  experiment  produced  a  string  auar- 
tet  that  was  composed  entirely  by  computer.    However,   little  work  hns  been 
done  on  the  problem  of  simulatinq  human  composition  using  heuristic  (self- 
t^uqht)  techniques  as  opposed  to  random  number  generation.     This  article 
exolained  some  difficulties  involved,  provided  backPround,  and  disc\issed 
schemes  already  tried. 

r rob 1 ems : 

1.  Style  -  There  are  more  styles  than  composers  because  a  corn- 
noser,  as  he  matures,  may  have  many  styles,  e.g.,  Beethovon. 
Modern  music  employs  and  accepts  multiple  combinations  of 
sounds.     This  whole  problerA  involves  racial  and  cultural 
variances  from  Stone  Aqe  man  to  the  ancient  Greek  to  the 
modern  American  or  African.     Because  of  some  fundamental 
dif  ferences--e.q. ,  music  that  is  atonal  or  areriodic--'SomG 
styles  are  omitted  from  the  discussion. 

2.  ^jndamentals  -  Rhythm  is  fundamental  becauf.e  man  has  alwavs 
been  confronted  with  oeriodicity:     the  hours,  minutes,  seconds, 
days,  months,  etc.     A  second  fundamental  is  pitch,  high  usual- 
Iv  indicatina  tension.     It  is  related  to  human  noises,  the 
lower  and  softer  often  signifying  lack  of  tension.  Finally, 
sound  percention  mechanisms  must  be  exaunined  to  discover  why 
certain  timbres  and  combinations  of  notes  are  oleasing  to 

our  ears  while  others  are  not. 

As  in  speech,  the  musician  may  produce  an  infinite  number  of  musical 
"utterances**  or  melodies.     Many  of  these  nav  be  produced  by  formula,  l»e., 
a  sonata  is  an  exposition,  a  dRv??looment,  and  a  recaoitulatlon .  Musical 
composition  then,   is  in  many  respects,  similar  to  a  grammar  that  will  covnr 
a  set  of  utterances.     Music,  however,  goes  beyond  the  analogy  of  qrammar 
because  of  its  efPect-"that  which  is  conveyed. 

Another  question  is  that  of  the  secual  nature  of  music.     The  author 
uses  analoqv  of  building  tension  in  music  bv  increasing  sound  and  raising 
pitch  to  the  noint  of  climax. 

All  of  this  to  say,  stated  Moorer,  that  if  we  are  to  create  com- 
puter music  that  anneals  to  an  audience,   it  must  be  somewhat  like  music 
to  which  thcv  are  accustomed.     The  random  recall  of  parts  of  previously 
heard  music  gives  a  statistical  character  to  the  music.     People  expect 
certain  chords  after  other  chords.     This  is  one  of  the  reasons  for  the 
success  of  the  Markov  methods  of  producinq  music  bv  computer. 

The  most  publicized  piece  of  computer  music  is  the  TTiMAC  Suite 
(described  hv  Holler  and  Issacson)  whose  rhythms  were  chosen  at  random 
with  the  application  of  some  rules  of  classical  harmony  for  a  strinq 
quartet.     The  melodies  were  constructed  by  the  use  of  a  Markov  method. 
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The  result,  is  nndern,   the  melodies  often  are  imoredictable ,  cho:-d 
senuences  do  not  repeat,  and  55one  dissonance  is  used. 

Tn  another  experiment,   the  nieces  were  connosed  in  an  orderly, 
^5e'?uential  manner,   the  overall  'Structure  wa<^  dete rosined  fir^t,  and  panv 
narameters  qoverninq  the  com;x)sttion  were  not  bv  the  operator.     The  rhy- 
thms were  chosen  at  random.     Then  the  melody  notes  wore  chosen  carefully 
(occvmvinq  three  times  the  space  of  the  rest  of  the  nroqram) .     This  pro- 
cess eliminates  boredom  caused  by  such  thinqs  as  lonn  scalar  runs. 

?'inally,   the  author  presents   five  short  sinqle-voice  examnles  with- 
out the  related  chord  structures.     He  says  that  all  are  definitely  "leqal 
ponnlar  melodies."     Comouter  time  to  oroduce  them  was  less  than  ten 
seconds,  which  indicates  the  shallow  nature  of  the  qeneratinq  heuristics. 
The  author  hopes  that  his  thinkinq  and  his  exi^eriment  will  serve  as  a 
starting  point  for  others • 

H.  Snelqrove 


:'^uV'daiH,   ^^ar.Iiyn  N. 

Ti-  ' ' '  ]P  ^J}j:  ^^'^pi^^  s  ,   and  ( '  oraputer  As.^i  a  tod  Inst  ruction 
Muthei^.atics  Teacher,   Vol,   IG,   :;o .    3   (Maica  ]9o9) 
i '0^:^05;   17  3-17C 

i'l  om^>:^t  "ir\''  ria  theniacic::^  teachers  will  \\()on  nc;  :nLikinq  docisicjns  roaard^ 
inq   instruct  ioi^  u^rinq  c-oni:>utor^J ,   or  c;on-Lputo2--assi<^  tod  instruction.  There- 
are  several  ways  in  which  the  conputor  helps  the  teacher  with  instructional 
tasks : 

Tutorial    -  the  corif -iter- teacher  irutiate-;   the  question,   for  which 
a !  1  s w 0 r s  :i xc  slot €i d . 
\'^r:  L  \  1    ind  practice 

irr:!)iry  -  r:tudents   init.iato  qut'r;tion>  :i:^vinq   ror  stored  information. 
Calcular:Gr  -  aid  in  computation. 

: -aTiaaoi^ent  -  conputor  :itc^re£  and  analy^^es  data,  helpinq  teachers 
do^;ldL'  'vhat   to     prcscr ibo "  next. 

r-::  r(joont3  a  y^al  rnoatis         individualizing;  instruction,    the  "carrot" 
rii:'  l>'':*-r.    ^arvj.Linq   :n  front  of   th^^  tcac/.er's  nose  e\'or  since  classes 
:orr-^y\.     True   ij.d  ividua]  i:^ation  d^poivs--  on  careful   aiMlysis  of  the 
r  ath'-^r\at]  ral  c  ontent  and  the  ways   in  which  children  loarn. 

-o-.v-;u tr-r  can  hoi  p  t;ie  teach'.^r  -ceac;.  on  a  readiness  level    for  eac'n 
i  :'0--:r.j:^^s  can  la.-  wr:ti.tiu  30  th-..t   th^   fan^tor  iparn(:^'r  can  move  very 
nncriiV,         JO  the  slower  Inarnor  is    n  ven        nucl^  re-teachinu  as  necessary. 
^:ri^::  cor.putrir   is  voiy  patient  at  res truoturinq  and  roTj^eating — provided 
:>ati':nco  i -/r- vp rarM^v^d  in»     PAi    i^  onlv  as    ,v>od  as  the  programmer.  Few 
prot^rar:--^  ,jrf>  vet  avai  lahlo  wr;:ch  mi:et   v.ho  fuU   potential  of  CAi  . 

.'Viv^a^iy  1      :.::.ju.av'         'h;  a:.-0!;,.   -.oaraiaa   jC;,.     "hero   is  still 

a  '   :or   i  :.t<;:raction  ^inon-^  h^arjxoai,   and  t't^tv/''aoi  I'^^arncra  and  teachers. 

i':a^:rie>;s  will    tind   cr^at   their  ciassroon:;  '.^o:-/ t  he   run  by  the  computer--but 
•rru'  a  ;;,.  aT  f»r  can  ;  j  very  tiolpfu]    to  the  Icarninq  oroces!. . 
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I  arry  Nesl and 
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Jf>rma]i,  Max 

'^^'^  U:l.^L--^  L  i-l^'iLi!i^*       to  Injj  '  ^^'^  t  rue  t  ion 

r-?d't'henvri  irs  ^fv-.i(;h,oV,*  \7r-XV,  No.   %    (May  rr;2) 

Thoro  L^cM^m.s  to  ha  some  disagreonont  among  do f  in i  t.i ons  of  "individual- 
izc(V\  but  f:)roponent5-j  of  each  definition  of  individualizing  instruction 
hold  in  common  certain  assumptions  about  education.     These  assumptions, 
which  load  us  to  place  as  much  hope  as  we  do  in  Computer  Assisted  Instruc- 
tion,  are  tiie  following: 

(1)  [iuman  beings  are  capairlo  of  learning  much  more  than  they  are  being 
asked  to  learn. 

(2)  ^n^ere  are  many  approaches  to  instruction  that  can  be  tailored  to  indi- 
vidually . 

(3)  Careful  diagnosis  can  bring  insights  into  how  one  should  i  r\di vidua  1  i 7.^- 
instruction , 

(4)  Re inf orcoTion^.  and  feedback  should  be  immediate  during  instruction, 

(5)  In  each  .^ase  tho  quality  of  education  each  norson  receives  should  );C 
the  hi  jliost  possible. 

One  must  know  wfiat  it  is  that  ho  wants  to  accomplish   {objectives)  , 
how  much  money  he  has  to  spend,  and  what  CAT  systems  and  programs  are 
available  before  ho  can  make  a  decision  about  how  to  go  about  using  CAT  to 
assist  in  individualizing  instruction. 

Most  CAI  systems  now  in  use  are  either  quite   large   (100  or  more  in- 
structional stations)   or  small   (1   to  32  stations).     Arguments  for  the 
large  system  are   (1)   aval l^J^i  1  i ty  to  many  users,    {2}   cost  effective  in- 
struction,   (3)  more  powerful  CPU.     Arguments  for  the  small  system  arc 
(1)   low  initial  cost,    {2)    lower  comirriuni cations  cost,    (3)   lower  maintenance 
and  installation  costs   (4)   compatability  with  a  larger  num}:)or  of  schools 
that  are  willing  to  share  progra^is  and  ib)   most  if  not  all  commercially 
oroduced  CAI  J^rograns  available  to  large  systems  are  available  to  tho 
smal  1  r.ys  terns  . 

In  VL(  -.v  of  the  numl.er  of  yuars  that  tlie  various  dovelotxTicntal  pro- 
c^r  iny  Iiave  been  in  operation,   there  are  relatively  fov;  ^'AI  programs  cur- 
rently available.     Tlio  |  orfcct  system  for  i ndividual i j^at ion  of  instruction 
is  far  from  being  built  and  perhaps  never  will  be  realized.     :^one  of  trie 
most  persistent  problems  plaguing  CAT  are  tJ^e  following: 

(1)  Overselling!  educators  to  the  potential  of  CAI. 

(2)  Relating  CAT  v.ork   to  other  classroon  activities. 

(3)  I'eacher  acceptance. 

('I)  Integrating  CAI  with  the  rest  of  the  curriculum. 

'Hie  future  of  CAI   is  verv  promising  as  a  means  for  indi  -iduaUzing  in- 
struction and  probably  the  major  problem  to  be  faced  is  one  o/  helping 
teachers  to  prer  are  themsolvos  to  use   it.     I:,  order  to  use  CAI  wi  tii  maxi- 
mum effectiveness,  a  teacher  should  be  knowlcdgcalUe  in  mathematics, 
structure  of  curricilum,  psychology  of  learnin^j  and  individual  differences, 
and  CAI  instructional  systems  and  programs. 


Larry  r:eslan<l 


Si-  ;  t  icy  ,   i^)iiert   A  . 

c:o^injit  ^'I'-Ass  i  s  t  od_  1  !)st  rue  t  i  oj^) ---V:!!;]  t  _I  t  _C'jii_and  Cannot  Do 


Ti\e  cU^!)ate  about   the  role  oT  a  computer    in  the  classroom 
lias  ranged   from  the  cornpleto  ronlaccmont  of  the  teacher  to 
tlic  connuter's    inabil  ity  to  be  more   than  a  prot^'ainmed  text  ~ 
book.     What   tlie  com]v,itor  can  and  cannot  do   is  a  matter  of  re- 
search and   fact.     What    it   sliould  and   sliould  not  do  is  based  on 
va 1 ue    i  ndgemen  t  s . 

A  comiHiter  could  !)e  used  for  I)   drill  and  practice,   2)  tu- 
torial  practice,   to  take  over  re  s])ons  i  b  i  1  i  t  y   for  dcveloi^mont  of 
a   skill   usii^.g  a   given  concept,    3)  d  i  a  1  ogue -t  rue   interaction  wit!i 
appropriate  res]ionse,   4)   simulation  and  t^amii^.g,  retrieval 
.'iPLd   I'ooi'gan  i  :at  ion  of   information,   ('A   problem  solving  with 
computation  and  display  tools,   and  7)  artistic  design  and  com- 
no  sit  i  on . 

The  criterion  statements  witli  whicli  to  Judge  the  computer's 
place    in  instruction  are   (a)    If  the  coin])uter  poses  a  unique 
solution  to  an   important  problem  in  tfie   instructional  process, 
then   it   should  be  used   regardless  of  the  cost    Involved.      ()))  If 
tlie  co]nput<.T   is  more  efficient  or  effective  and  the  cost  of  its 
use  to   instruct    is  minimal,    then    it   should  be  nsed.     Ami  con- 
vcrsel)-,    (c)    if  tlie  cost  oi'  develcjpmcnt   and  use  o^  the  computer 
in   instruction   is  relativel)'  1m  gh  with  t  lie  relative  efficiency 
or  effectiveness  only  marginal,    then   the  computer  should  rK)t 
he  used  in  the   i  ns  t  rue  t  ior.a  1  m^ocess. 

Ob:;('r\' i  !^g   tfie  soven  uses   foi*  the  computer  in  terms  of 
tin*  altovc'  criterion  at    this   time  v;e  find: 

Drill   and  practice   -   In   light   of   (c)   a  non -recojnmcndod  use. 

Tutorial   j-.ractice   -    [n    light   of   (b)   a  \'alid  use  since  tlie 
c  -:riui(  r  seems   to  be  more  effect  i\'e   in  ]n'csenting  blocks  of  in- 
fo rma  (  \  >^:i . 

:uaiov;uo   -   At   this   t  i  iiK"  tlio  comjuiter   is  iu;able  to  do  this. 

Sifiulation  and  gaming   -  A  ver)'  good  use.     No  other  svstem 
c.:,i  an-i"(:ic!-   ^hc   riclmess  of  simulations   doin^  on  a  computer. 

ia'rieval    and  reo  r  gaji  i  ::a  t  i  o  n  of   information   -  This   is  ius- 
t  i  f  j  ed  b  X    (  b  )    aiun^e  . 

lM'^)blc]i  soUing  '   To  nse  thv  computer   is  ])roper  because 
othx^r  s\st-.ri  car-;  perform  calculations  as  quickly  or  as 
ccu)-a  :  ely  . 

\rtislic   di^sign   -   Xot   at   tb.is   time  due  to  fc). 


i  a  rr V  Spencer 


Umans  ,   S . 

Pa  foh  P  s  Tfa  go  z  \  ne  ,  To  fr  4  6  ,    (J'a  rch   IPVl  |  ,  nr. 

Approximately  8,000  cleiiicntai'v  school  chikhuMi  in  Now 
Y(n-k  City  are  using  computer  i  zed   instruction   for  drill  and 
practice  work   in  mat  heiiiat  i  cs ,     They  use   typewriter  terminals 
(which  are  hooked  to  a  ceiitral   cominiter  by  ordinary  telepho(\e 
lines)   to    interact  \v^itli  the  computer.     Their  lesson   is  print- 
ed by  tlie  ty)')cvvriter   (as  directed  by  tlie  computer's  program). 

The  practiva^  and  drill  sessions   provide  a  combination  of 
teaching  anJ   testing.     If  a  student  misses  tlie  same  question 
after*  tw^o  attempts,   the  computer  gives  him  the  answer  and  then 
asks   the  ((ucstioji  again  to  make  sure  the  ans\ver  has  registered. 
An  average  student    is  thus  paced  at   this   step-by-step  mode  aiul 
is  not  allowed  to  go  on  to  more  difficult   examples  until  Kc 
proves  that   lie  understands  the  simpler  material.     Another  im- 
portant   feature   is  tluit   the  compntor  automatically  analyzes 
each  student ^s  performance  and  skips  sections  of  the  program 
which   tlie  youngster  has  already  mastered.     Tlie  computer  also 
scores  and   times  the  lesson  and  prints  out  this  information. 
The  fact   tliat    the  student  can  keep  this  jnunt-out  sheet  is 
often  a  source  of  pride.     Tt  also  serves  as  motivation  for 
reviewing  the  lesson. 

Most  children  are  nervous  at  their   first  encoiuiter  with 
computerised   Instruction.     However,   thev'  relax  when  they  find 
out  that   the  computer  will  not  go  on  until   tfiey  have  answered; 
thus,   they  will  not  be  'Meft  beliind".     A  few  students  I^ecome 
frustrated,   ])ut  most    like  tiie   feeling  of   i  ndejiendence  . 

feacliers'   opinions  of  comjui  t  e  r  i  zed  drill  and  practice  in- 
sl ruction  are  mixed.     But  most  agree  that    it  does  help  to  in- 
dividual i::e   ijistruction  because   it   frees   them  to  devote  more 
time  to   free-ranging  discussion;    tliis  discussion  reinlorces 
the  discovery  approach  for   learning  new  concepts. 

Programs  more  sophisticated  than  t1ie  drill  and  practice 
lessons  are  now  being  develoj^ed.     Tliese  programs  will  liope- 
fully  stimulate  their  student  user  to  think  more  critically 
and  to  answer  open-ended  questions  with  piirases  or  sentences. 
Tb.e  computer  will   pick  key  words  and  certain  comlMnations  of 
words    in  t'uv  student  \s  reply  >   and  react   to  them  by  ty]ung 
wbiole  thoughts  and   leading  questions. 

Mathematics   is  not  the  only  subject    for  which  compu  t  e  r  i  r,ed 
instruction  has  been  developed.     Instructional  objectives  \n 
foreign   languages  and  consumer  education  are  also  l^eing  met. 
AjioliuM'  very   im]^ortant  area   for  com]Hit  er  i  ned   i  i")s  t  rue  t  i  oii  is 
iliat  of  remedial   reading.     The  lu^velty  and  privacy  of  such  in- 
struction  is  often  enough  to    induce  a  reluctant  junior-higl^ 
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:-Uidc]i^    to   try  to   iin]M'ovc   1  lii  s  ]:io:t   nasjc  acncIcMaic  skili. 

D<}n  Weaver 


Hicks,  B -uce 

^ ^■}.  tor  Ki  1 1  Kducatlon? 

i:ducational  Diqest  (September  19701 
pages  10-12 

This  article    di  scussei?  th(j  advantaqo.-;  and  dangers  of  Computer-Ass i  stod 
Instruction   (C.A.I.)  .     One  advantage  of  CM  is  that  a  large  variety  of 
educational  activities  can  be  made  available  to  the  students.     Tl^ese  pro- 
qvrx^^i  can  provide  stop  by  step  instruction,  which  leads  the  learner  through 
the  material;   or  they  can  utilize  tiie  inquiry  technique  to  gain  insight 
into  varied  subject  natter.     Secondly,  experiments  can  ho  performed  on 
scientific  equipment  or  they  can  be  simulated  without  such  equipment 
throu<jh  the  use  of  CAT.     Thirdly,  the  stiident  and  teacher  can  both  receive 
instant  feedback  on  performance  levels.     Tnis  gives  the  teacher  a  tool  to 
plan  teaching  strategics  for  each  individual  student.     Finally,  CAI  can 
create  a  new  environment  for  both  students  and  teachers,   since  the  computer 
can  acceT:>t  any  or  all  possible  solutions  to  a  problem.     It  can  tolerate 
the  student's  mistakes  and  encourage  him  to  correct  these  mistakes.  It 
must  be  realized  that  for  the  computer  to  be  a  patient  and  humane  "teacher'*, 
the  CAI  progreimmer  and  lesson  writers  must  be  al^le  to  incorporate  these 
qualities  into  their  programs. 

An  ob/ious  danger  of  CAI   is  that  undesirable  people  could  oain  control 
of  tho  content  of  the  programs.     Also  CAI  could  cavise  the  spread  of  exist- 
ing poor  fjoursos  and   texts.     Tl^e  jjov/or  of  the  computer  to  duplicate  and 
distrii)uto  matoriuls  at  rapid  speed  ma>:cs  both  dangers  mentioned,  readily 
a};parent.     According  to  Mr.  Hicks,   the  teacher  rriust  be  the  v;atchdoq  to  le- 
^ognize  ijnor.o  dangers.     Anotiier  danger  of  CAI  is   that  Individual  creativity 
could  i:)e  denied  if  CAI  is  allowed  to  educate  all  students  in  a  uniform 
method. 

iTv  moving   force  that  inspired  CAI  was  that  of  complete  individualized 
instruction  for  oacli  student.     However,  at  this  writing  tliere  are  very  few 
fully  cornpleteci  CAI   courses.     Until  the  t^ne  more  fully  developed  CAI 

courses  are  ava i Lalole ,  complete  individualized  instriiction  will  still  be 

only  a  dream. 

Mil  e  Moser 
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CHAPTER  VI 

THE  COMPUTER  AS  A  CI>AS^^ROOM 
MANAGEMENT  TOOL 
BY 

Jack  Slingorland* 
Janet  Spit?'. 


"Jack  SI i  nqerland,  cojnputor  instruction  specialist  for  Multnomah  County 
I.K.D,,  served  as  group  leader  and  editor  for  this  chapter. 
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SI':CI"ION  A:      OVI'RVIFW  OF  COMPUTr::R  MANAGl^D  INSTRUCTION 
With  the  advent  of  rolatively  inexpensive  computer  power,  education 
has  been  facpd  with  major  decisions  of  how  best  to  apply  the  computer  to 
the  problems  of  education.     The  early  response  was,  and  to  some  extent 
continues  to  be,   to  use  the  computer  to  speed  up  tlie  data  processinq  tasks 
traditionally  associate!  ^ith  the  operritior-.  of  a  sdiool  systr-m.     "For  e:<- 
.jmple,   the  initial  applications  of  the  conf}uter  have  )>ren  desiqnod  to 
arhieve  wjtr  efTicient  scheduling  of  the  same  old  course  offerings,  more 
officLcnt  production  of  the  seune  old  report  cards,   faster  scoring  of  tho 
same  old  tests,  and  high  speed  access  to  computer-stored  cumulative  record':; 
with  the  same  old  teacher  grades."     (Cooley/   1971;  pg  40]) 

\^iile  some  progress  has  been  made  towards  more  imaginative  administra- 
tive uses  of  the  computer,  particularly  in  the  scheduling  area,  little  has 
been  done  in  the  field  of  instruction. 

The  full  benefits  of  the  computer  will  not  be  realized  until  the  comnu- 
tor  has  had  a  major  impact  on  the  instriiction  itself.     In  19G0  the  computer 
made  practical  a  inassive  survey  of  education  in  the  United  States.  Tlio 
I  roioct  TALFrrr  survey   (TALKNT,  19G5)  dr^unatized  deficiencies  in  present  in-- 
stnictional  methods  for  accomodating  the  individual  difference^-  of  stu- 
dents . 

How  then  might  the  use  of  a  computer  alter  the  instructional  options? 
One  approach  has  been  computer  assisted  instruction  (CAT)   (See  Chapter  V) . 
With  CAI  a  student  sits  at  a  computer  terminal  and  interacts  v;ith  a  comnuter 
which  presents  a  lesson  to  him.     While  CAI  holds  some  promise  for  the 
future,   "...it  is  unlikely  that,   in  the  short  nan,   it  is  going  to  make  a 
significant  impact  on  education  because     of  the  cost  associated  with  one 
student  utilizing  a  terminal  for  relatively  long  periods  of  time  during  each 
instructional  session."   (Dick,  1972;  oq.  33) 
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Ai\  alternative  to  the  use  of  the  coi-if^uter  as  an  instructor  is  the 
lit  i  1 1  ".at  ion  o  f  tl;o  compu  t  o  r '  s  .sr^ocd  and  ,    }  1  i  ty   i  n  process  i 1  at"qo  a-nount  s 
of  datii  to  ovor^-sec'  the  i ny tructiona  1  pr<.')co3S.     Typically  a  computer  raaiia- 
ijed  instrvictlon   CCMI)   systen  v;i  1  1  involve;,  but  not  bo  limited  to,  the 
"mechanical  tasks  of  scoring  seat  work  and  test  papers,  recording  the 
scores,  creating  descriptions  of  pupils  based  on  their  scores,  and  keeping 
track  of  wiuit  instmctional  materials  a  student  has  used."     {Baker,  1971; 
: . .! .   52)     The  major  functional  divisions  of  cu  r  r  en  t  CM  I  projects  are  th  e 
scoring  of  student  responses,   the  diagnosing  of  educational  difficulties, 
trie  prescription  of  instructional  objectives  and  raaterials,  and  the  report- 
ing to  teachers  of  student  progress. 

'iiiero  are  several  large  scale  CM!  projects  currently  in  operatioiu 
rr<vjoct  Ph/VJ,  whose  computer  facilities  are  based  in  Iowa  City,  provides  for 
roc(;rd-ke';:u]^  j ,    Lest  scoring,   and  instructional  prescription  in  the  sub-- 
li/cts  of  science,  natiiemat  ics ,    language  arts,  and  social  studies.  Services 
in  .ill   four  subiect  areas  cost   $100  per  student  per  year.     A  iTiore  de- 
triil'-d  di-cus;;ion  of  riA!-:   is  aiven  below.      In  contrast  to  PLAN'S  daily  in- 

i--ti'jri  with  a  student's  education^    Die   Instructional  Manage;nent  Syst<3i^ 
(  'M.,  i   developed  by  Systens  Development  Corjioration  is  dcoigned  to  provide 
v;-  ekly  .:U:r:narxes  and  recommendations  for  renedial  action  on  a  student's 
::easur(jd  v/eaknesses .     Individually  [Prescribed  Instruction   (IPI),   a  product 
of  iho  ''niversitv  of  Pittsburg's  bodiaiing  tesearch  and  Development  Center 
an^i  tlie  Ba  1  dw i n-VHni tehal  1  Public  Schools  of     nburban  Pittsburg,    is  a  pro- 
ject v;hic:i  einphasizes  the  record-keeping  aspect  to  supoort  an  individual- 
i::od  ins triictiotial  prograiu.     The  computer  is  used  to  collect  and  record  m- 
:on'.ati(jn  on  eac*-.  sttulent  and  to  surrjaarii^e  the  information  for  teacher  use» 
For  a  brief  overview  of  those  and  several  otlier  CM!  projects,   the  reader 
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is  directed  to     (Finch,   1971) , 

PLAN 

IjOt  us  now  direct  our  attention  in  some  detail  to  three  specific  ap- 
plications of  CMI:     1)  Project  PTJVN,  2)  The  Parkrose  Computer  Reading  Pro- 
gram (PCR>^)  ,  and  3)  The  Precise  Behavior  Management  System  (PBMS)   as  implo- 
mented  by  the  ntirsing  school  at  Mt.  Mood  Community  College. 

One  of  the  first  CMI  programs  was  t]ie  Proqram  for  Learning  in  Accord- 
ance v/ith  J^eeds   (Project  PIJVN)  develoT)ed  by  John  Flannagan  at  American  In- 
stitutes for  Research  in  tlie  mid  1960's.     PLAN,  now  marketed  by  the  Westin^j- 
house  Learnin<?  Corporation,  is  one  of  the  most  highly  developed  CMI  sys- 
tems available  today. 

Project  PLAN  Is  more  than  just  a  computer^     It  is  a  comprehensive 
educational  system  in  which  the  computer  plays  a  supportive  role.  The 
major  components  of  PTiAN  are  the  teacher,   instructional  packages  called 
teaching-learning  units   (TLU's) ,  a  list  of  learning  objectives,  obicctivo 
tests, ^  achievement  tests,   and  placement  tests,  all  of  which  are  inextirc- 
al>ly     related  to  the  computer  support  system.     With  the  exception  of  the 
teacher,  all  of  these  materials  are  provided  by  project  PLAN.     In  addition, 
PJr      provides  programs  for  training  teachers  and  administrators  who  work 
v;ith  the  system. 

To  date  PI*AM  is  available  for  grades  1  through  8  in  the  subject  areas 

of  language  arts,  mathematics,  science  and  social  studies.     PLAN  materials 

for  the  higher  grades  have  been  developed  and  tested  but  are  not  ready  for 

2 

release  as  of  summer,  1973. 

"01)jective  test"  as  used  in  this  discussion  means  a  test  which 
measures  whether  or  not  a  student  has  achieved  a  particular  in- 
structional objective.     It  should  not  be  confused  with  the  use 
of  "objective  test"  to  describe  a  test  which  is  not  intended 
to  be  "subjective" • 
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A  U)uk  at  the  role  of  PLAtVs  coruputor  is  essential  to  understaadiaq 
t.j'io  sv\^i^-^"r^.     A  school  using  PIAN  may  either  have  a  terminal  consisting  of  a 
card  reader  and  a  console  typewriter  witliin  the  scliool  building  or  it  may 
share  a  "mini-center"  with  several  other  schools  in  the  area.     The  infor- 
rriation  i.s  transmitted  via  telephone  linoj^  to  a  central  cornputor  at  the 
yea-svireinent  Research  Center  in  Iowa  City,   Iowa.     The  it\fomation  input  may 
inf::lude  :itudont  responses  to  olaceraont  and  objective  tests,  homework, 
statvts  cards   filled  out  by  the  students   indicating  the  objectives  on  vhich 
they  arc  working,   and  the  teacher^ s  comnu^nts  and  observations.     During  the 
ni'-fht,   the  computer  processes  the  information  given  it  that  day  and  pre- 
ixires  a  report  listing  the  action  to  ho  taken.     The  report  is  ready  for  the 
teachers'   vise  the  next  morning. 

The  dai]y  printout:  includes  1)   students'   test  results,   2)   a  report 
^jr  jani/^pd  i^y   learning  objectives  showiaig  the  status  of  those  students  who 
::rc  studying  a  given  objective,  and  3)   a  report  organized  by  student 
wViic:}i  includes  the  objectives  each  student  has  corapletcd,   those  which  ho 

i  i  started  and  the  noxt  three  objectiv^:^^  scheduled  to  his   individual  pro- 
jravn.     The  report  organixed  by  objective  helps  the  teacher  to  schedule 
groiir>s  of  students  for  discussion  or  tutoring,  while  the  report  organized 


2.     Vhe  school  districts  which*  participated  in  PLAh'^s  development  are: 
Bethel  Park  School  District,     Betiiel  Park,  PA 
1 :  i  ck  s  V 1 1 1  e  Pub  lie  S  choo  1  District,  1 1  i  ck  s  ^/i  1  le ,  NY 
ionn  Trafford  School  District,  Harrison  City,  PA 
i-itts}:>urg  Public  Schools,  Pittsburg,  PA 

'  J  i  n  c  V  Public  S  ch  oo  1  s  ,  Ou  i  n  c  y ,  MA 
V;ood  County  Schools,   Parkers  burg,   W.  VA 
Archdiocese  of  San  Prancisco,   San  Francisco,  CA 
T  re    n  t  Unified  S  ch  oo 1  D  i  s  t  r  i  c  t ,   F  r eno  n  t ,  C A 
Can  Carlos  Elementary  School  District,  San  Carlos,  CA 
San  Jose  E 1  ejne n t a ix^  School  District,   San  Jose,  CA 
;.anta  Clara  Unifiod  School  District,   Santa  Clars,  CA 
Union  Klementary  School  District,   Santa  Clara^  CA 
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by  stiulont  allows  the?  teacher  to  check  each  stiidcnt'.s  short-torm  proqres:> 
arvl  pir)-j)ojnt  thoiio  who  are  havinq  d  i  C  f  icij!  ty  . 

In  order  to  [)roducc  the  dailv  rci)or(.:^,   the-  computor  storeys  mai-;sive 
voi\imos  of  in  formation.     The  various  ty}:;eH  of  information  in  this  d  ita  i.ii- 
elude  I)  each  student's  academic  and  test  records,   2)   a  list  of  each  stu~ 
dent's  objectives  and  program  of  study,    3)   a  catalog  of  descriptions  of  all 
teacher-learnin<j  units,  4)  a  file  of  all  test  keys,  5)   a  record  of  the  s'tu- 
dent's  daily  activities,   and  6)   relevant  predictive  and  discriminative  aiLi- 
lysis  data.     The  major  role  of  the  computer,   then,   is  of  an  exceedinrjly 
competent  secretary  who  frees  the  teachers  to  spend  their  time  in  contact 
witli  the  students. 

i:ach  subject  area  is  divided  into  segments  of  learning  defined  by 
ohiectives.     Fach  objective  is  explicitly  stated  in  accordance  wi  tii  tho. 
principles  of  behavioral  objectives.     \<hen  a  student  reads  an  objectivn, 
she  should  know  what  she  is  going  to  learn  (objective)   and  how  she  will 
know  when  she  has  learned  it   (performance  objective)  .     A  TIJI  can  hi:  used  by 
a  child  without  additional  instruction  or  guidance  from  the  teacher.  For 
each  learning  objective  there  are  several  teaching-  learning  units  availrjbl", 
each  differina  in  the  use  of  vocabulan/,   media,  and  learning  stylo.  Tlic 
student's  progress  is  measured  on  the  basis  of  the  same  terminal  test  ro- 
gardles  of  which  Tba  for  that  objective  she  has  used.     If  a  student  does 
not  test  at  tlie  expected  level,   the  computer  v/ill  list  the  objectives  not 
ioarnod  ^long  with  the  questiuns  missed.     The  student  can  then  be  recyclt^d 
tV\r<:>ugh  the  same  material  or  she  nay  be  assigned  to  a  more  appropriate  Ti.n, 

Activities  suggested  in  a  TLU  might  include  reading  pages  in  a  hook, 
iUscussing  a  question  v;ith  a  partner,  viewing  a  filmstrip,  reading  an  in- 
structional Guide  or  v/orking  from  Activitv   Sheets.     (Activity  Sheets  and 
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Mi'it  tiicl  iojial  Guiclt^:;  ar^'  f;art  or   the  ;iu:^-)ort  natoriah^  sup]:)jied  by  VIJkU.) 

Whon  thit  fit  udont  has  complcied  che   i:oach  inq- learn i  li^j  unit,  bin  pro- 
■ti;.jss  can  be  mGasured  in  tlirec  ways;     I)   Teacher  Ccrta  f  icat  ion ,  in  which 
case  the  toachor  uses  her  profossionaj    judqement  to  dotormine  whether  or 
not  a  stvadout  has  maeitcrod  the  objective  r   2]   Teacher  I'valuation  usinq  the 
PIAN  criteria,  or  3)   an  objective  tost  taken  by  the  student  when  he  feels 
ready,  and  scored  by  the  computer. 

When  a  child  first  enters  the  VlAll  program  he  i.s  given  an  orientation 
to  the  sy.steni  and  the  materials  he  will  be  using.     He  is  then  given  a  place- 
ment tost.     Ba^ed  on  his  answers  to  the  placeiTient  test  quest ionr^,   the  com-- 
puter  provider   a  suggested  list  of  TLU's  to  be  included  m  his  program  of 
studiei^.     This  list  may  bo  modified  by  the  teacher  or  hy  the  student  if 
either  desires.     This  individual  p?.acement  me.«ns  that  students  have  differ- 
o  n  r:  c  o  \i  r  s  c>  ■  i  o  1  s  t  u  d y ,   e  ac  h  t  a  i  I  o  r  e  d  t  o  t  :\  <  >   1  n  d  i  v  i  u  a  1 '  i ;  a  c  h  1  e  v e me  n  t  1  e  v » j  1 
and  rate  of  learning.     Placement  tests  are  used  thro\;ghout  the  year  to 
a...sisc   i  t  determining  the  student's  coui"Se  of  study, 

1  i;  .iddlti  >ri  *jj  the  objfictxve   tost^:   wh;lci"i  noasuro   tlie  studvmi-'s  mastery 
i:.d:vi  ■  ual   instructional  objectives,    the  teacher  may  use  achievement 
tv-.^>t  :   to  measure  hov/  well  a  student  has  r<}tained  those  skills  previously 

It   :o   i:.;:-ortant   to  note  that  VIA::  d<  vs  no     ^ise  any  of  its  tests  for 
t:v"'  purpost:"  cf  assiqning  grades.     All   tests  are  used  solely  for  diagnostic 

I  :>A:;  is  a   large  and  expensive  system.     It  handles  the  full  gamut  of  i  n- 
strusticnal  management  services  for  fou)*    core   curriculum  areas  at  a  cost 

,.-r  stUsient  per  ye.tr.     Pvv.  r;  at  t^is  price,  vccicii  is  aoU  i^elow 
r.;urr;-nt  ccsts  o:'  -^V.!,   PIAN  does  !;ot  seem  likely  to  b(^  widely   .idopted  in 
';or!  ^-'Siools. 
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PCBP 

r-virinq  the  197  2-7  3  school  year,   a  toam  of  teachers  from  1-he  Thompscn^ 
i:lom(^nt.ary  Schoo]    in  the  Parkrose  school  distri  ct  working  with  the  cooper - 
.Jtion        tho  Multnomah  Courity  Intermediate  Mducdtion  District,  develo;>»^<l 
a  coin|Mjior  based  apiToach  to  the  individualization  of  roadincj  i  ru;  t  ruc^  i 
at    the  el(?jaentaiy  school  level.     The  dosiqii  of  the  sy^item  is  complete  and 
t!ie  coiriputor  i  roqr  Tns  have  been  written.     Field  testinq  with  students  in 
ffie  first  six  qrades  will  b-'gin  in  September,  1973, 

>v'^ien  a  new  student  enters  thj  proqram,  he  is  first  qiven  a  v/ritten 
re ad i no  skills  survey •     His  responses  to  the  survey  are  scored  by  the  com- 
jmter  to  determine  his  reading  level,   the  readinq  skills  he  posesscs,  and 
to  isolate  his  readi  nq  deficiencies.     Once  the  coipputer  has  determined 
tiu^  studf'nt    D  r<:'adintj  skills,   it  r^^f^-^'^'J^ i-bes  an   f  nstruci  ional   objective  Tnr 
hi  in  r\et">:. 

wit}^  the  prescription  as  guide,    the  student  and  the  teacher  decide  Ijov; 
best  tci  meet  the  prescribi--»rl  o!:)jectLve.     7he  tea^rlier  has  a  lc!arning  rcsourcr-i 
catalog  keyed  to  each  objective.     The  catalog  lists  available  resources  to 
\'*:  used  t' '  iielt-j  the  student  raeet   the  objective.     These  resources  includ  : 

1)  A  skill  bank  worksheet 

2)  A  listening  l^ank  of  cassette  tanos 

i)     A  gar>e  bank  v;ith  a  variety  of  games  to  support  the  concept 
4)     A  filmst.rio  :  ank 

5]      A  petKjj  1   and  r:>aoer  learning  packet  }.)ank 
Wlien  tJie  student  has  completGd  tliose  activities  v;;iich  he  ^^nd  his  teacher 
have  -^•.rcLHJ  upon,  his  progress  i.s  evaluated. 

I'Tvoluation  is  accomplished  tli rough  the  use  of  coordinate!  test  mater- 
ials and  sense  mark  cards.     The  <'ard£  have  been  designed  to  match  the  format 
of  tj.»'  nj  lntcd  tests.     Tho  sturlent  merely  follows  <\n  arrow  from  the  test  o 
the  anpropriate  r^lace  on  t!ie  card   to  mark  his  response  to  each  question. 
Q  '  o  completes  the  tost  the  cards  are  read  by  an  optical  card  reader  in 


t\\*}  .school  and  tho  i.nt"ornat:ion  is  proce^ir.e"!  by  ovk^  of  MCI^D's  computers. 
Onc:o  tho  co^^put^:^r  has  evaluated  tho  student's  progress,  a  prescript!- foe 
tho    studorkt's  next  J  earning  area  is  roturrvcd  to  tlie  teacher  and  the  cycle 
Ijeqins  aiie'./. 

Sun\]iary  statistics  are  also  rrsa iiitai ned  by  thr;  computer  for  each  s t vi- 
de!.t  individually.     :'ron  a  terminal   in  tlie  school  the  teacher  may  re^'iviesi 
ti  rev.i<^v;  of  ti  e  proqre^^  of  a  particular   :3tudent,   or  a  roviev/  of  the  orfj- 
,vr».':u;  of  all   the  5;tudr?nts.     Tiiis  jtror^ednre  billows  the  irtstrnctor  to  gain 
ai.  overview  of  cuch  ^3Ludent*s  progress  and  facilit.ites  an  individualized 
r  c  s  yon  sc.  to  his  p  a  r  t  i  c:  u  1  a  r  needs. 


Trio  Mvirsin^j  School  at  Mt.   Hood  CoraTiunity  Collcitje  is  utili:-^ing  what  Lhcy 
^;av(:  termed  trie  Prec:jse  Behavior  .Management  bysteii   (PliMS)  .     Vh!^i3  differs 
rrorn  J-LA';  and  the  rCKP  in  that  it  does  not  S;">eci '"i  rally  prescribe  inst  rac- 


PP.:;;:'s  naj  *r  contribution  is  that  it  gives  ^letailed  student  profiles. 


At  '-WiCC  i  iiXS    uS  used  for  diagnosis  in  three  distinct  areas:     the  stu- 
^Icr.",    ■  ri'.^   inst  ructor   <md  the  curriculum.     Tnc.  has  i     of  this  dia-jnosis  is  a 
:  w-:-:*  hjock  of  data  on  stutiont  pe rf onnanc*^.     This  data  iS  collected  by  tho 
i  nBT:n.ictors ,    the  students,   and  the  supervisors  of   student  nurses.  Once 
each  11  week  tern  t:his   information  is  siwunar i z^d  and  transirsi tted  by  mail  to 
■.ne  t'^^havior  ;  csearc/i  Cor^pany  for  analysis. 

The  prirnar^^  focus  of  PBMS  is   the  stnient.     The  data  she  ansasses  during 
hi'T  ;vor>   :  -   recorded  on  socijial   granhic  fr  r-vr-s  devf^loped  ]  y  Tiehavior  Re- 
search ^'ompany.     Betveen  computer  evaluations  th^j  data  graphically  displayed 
'  or-r-unicates  a  r,:reat  deal   about  the  student's  progress  :ind  is  reviewed 
bJ  -v;eekly  by  the  student  ard  her  advisor.     ^rhe  quarterly  coT^puter  analysis 
provides  ;.n-ofi]..;s    ;f  specific  behaviors  and  also  profiles  of  related  blocks 
of  behaviors  wiiidi  are  then  used  for  guid]i>g  the  stvjdent's  future  course 


PBMS 
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work  lo  satisfy  her  individual  educational  needs. 

'Hie  same  data  which  is  collected  for  gene>*ating  student  proflJes  nay 
be  iisei  to  p.  n'ide  a  measure  of  the  effectiveness  of  instructors.  By 
exojninlng  the  performance  of  studontj.  of  a  particular  in-structor,  the 
:>tron'iths  and  woaknossos  of  that   instrurtor  may  be  identified.     *r}us  inf'^r- 
iiation  i:i  us(^d  as  roedback  to  the  instrur-tor  to  assist  him  in  improving  hi.s 
tt'riKhinq  techni  ques  and  is  also  us-^d  in  making  teaching  assignments  that 
v/i  1  I  naxiv.uz*'  the  effectiveness  of  a  given  instructor. 

The  curriculum  itself  nay  be  examined  using  the  student  data  collected. 
Correlations  may  be  generated  between  desired  student  behaviors  and  specific 
instructional  sequences  to  detemine  optimum  teaching  strategies.     In  a 
similar  vein  the  data  mriy  bo  used  to  evaluate  the  ef f ectivenei5s  of  various 
ins titvit ions  in  [jroviding  beneficial  on-thr'-job  training.     From  tilus  f^/alu- 
ation  *d\e  nursing  school  nay  decide  which  hospital^"^  provide   ^he  optirmiTn 
learniiicj  <Mivi ronments  for  tl\e  student  nurses. 

Tn  obtaui  the  extrene  flexibility  of  PMMS,   the  students  must  d-.-votc  .1 
great  deal  or    energy  and  timve   to  data  collection  c\nd  behavior  Research  (V.m- 
jianv  must  1--    naid  f«^r  tliei)   ai^alysis  of  the  collected  data.  Currently 
tiir-  nursirg  r:ch3ol   Is  spending  approxim.itely  $3S  per  student  ])er  year  for 
stud  (Ml!   }  f^havjor  profiles, 

ir:'-*--"  proviios  detailed  information  about  students,   instructors,  and 
the  curriculur:^  at  a  relati^'^ely  Ic^'  cost,     ^^s  Guch  it  has  a  great  potont:l?'d 
Tor  irp.ict   on  the     ducat iona]  process. 

CMI  <cnsists  of  a  package  which  will  test,  diagnose,  pr  scribe,  and 
report  to  the  teacher.     v/o  have  exanii.n^d  in  some  detail  a  :iationa]  CMI 
r-roiect  arui  i:ap]  ementat  ion  of  particular  CMT   systems         two  schools  i:i 
Crcgon.     V/nat  does  CMI  moan  to  the  tv[)ical  educ-ttor  in  Oregon?    A  c.^indid 
ans^^u-  LVMjld  bo  ^'ProbalUy  very  littl^j  at  this  tire."     F^it  as  the 
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:i-i>h  I'-i.  ir- ttion  of  tho  CM!  systoru'  i  :u:r- =  anri  the  ro^l  of  tho  inplemnri- 
tati.-.,  d<-:rrvio03,   CMI  wili   hr  a  --.^M-  ;n.  i.ho:l  for  achi.^vina  mdivjdu.j 

iMtiojs  of  instruction  sind  rnoLTo  t>fficicrit  and  productive  use  of  the  profos 

3  i.onal   o.:-lucaf:or . 

H  ibl  logrgr^r:^^ 

{Ba<.-r,  1971) 

H.:i\ci,  Frank  3.  "Cor.put^jr  l^i^od  Instructional  Mana^omcint  Svs 
tons:  A  rirst  I/:>ok'\  RGview  of  Kducation  il  Rrj:  oarch,  Vol.  41 
NO.    I    (1911)  ,   pp.    5]-70  '  ^"^ 

(Cool-y,    19  7] r 

Coolfjv,  WilU.*nW.     "Co'MDutor  N'anayod  Instruction",  Kncyclo- 
podir3  of  Kdvicatiott:    1071,  pp.  400-«10^1 


(Dick  J972) 


:::ck,  V'nlter  .n.d  .  aul  GaU  jvi  ;t  r.     '  .^Vi.l^        ^^ouccpls  at^d  Conp  > 
t^/r-Mcinaaed  Instruction:   Ar*   •  r  p  lo:  .or  tat  i       <md  '/^i  1 1  dat  io:i 
'^'^ay*',   F  duca  1 1  ona  1^  ^rccr^nolc  ay  ,    { ■'oi^njary  lv72),  pp,  31-39 


:uh,    la  71) 


'anca,    Tohn  M.  verviov   of      )nr.a  ror- Manag'-d  Instruction" 


.^/u.r'...i    .:^r.aM  .  N.u...on.a    i       u-tor-  of  Attitud-o  ar-i 
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A  Student  Centered  Instruct  iorici]  Systom 

Coniputer-Based  Instructional  Manageinent  Systems:   A  First 


rx>ok 

Study  of  an  Independent  Studv  Proqram 

The  Computer--A  Facilitator  in  Management  and  In-- 
struction 

Tlie  Computer  in  Fducation 

How  A  computer  Helps  A  Teacher  to  Teach 

Selected  Instructional  Strategies  in  Computer- 
managed  Instruct  ion 

Tnitiaj   Development  of  Individuaii^.cd  Instruction 
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Lawlcr,  R. 
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nOVACK's  Machines  Help  Children  Read 


Willis,  M. 
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A  Si  lUiOiil   Cc\\{  rrcd    [ns  t  rue  t  i_una  1  System 

bcvc  I  opiaeii  t  Ilosovi'rcn'  FicTiooTT"    I  o  r  VcIIt^'St  ;i  i  c  Vn  \  vers  i  ty 


Tlic  Stiuloiit   CoiUcrou   F  a  s  t  rue  I  i  ona  1   Systcia  (SCIS)    is  a 
^ '  o  input  Q  r  '  iTi  a  n  a  0  e  J  s  >'  s  t  cmii  U  c  v  o  1  o  ]um  1  at   the  D  en'  c  1  o  pjn  e  ti  t  1^  e  s  o  a  r  c  h 
Seiiool    prii.iarily   for  use   in   the  puhlie  sehools.     SCIS  ean  I'C 
ust'cl   Tor  any  course  utili::ing  performance  obiectives,  altliough 
to  data  eni]^liasis  lias  l^ecn  ]:)]acecl  on  inatheinati.cs. 

At    this  point   five  M.ibs\'s  tens  are  utilized:      1)   an  initi- 
ation system;   2)  a  student   record  -  keen  i  ni^  system;   3)   a  course 
analysis   record- hee]^  i  !1 1!  sys'c]]!;    4)   an   instructional  sc(|ucnce 
:^>steni'    and  3)   a   i^rading  system.     The   initiation   system  is  used 
to  con\^crt   a  coiu'en  t  iona  1   course   to  orie  fKised  on  performance 
<^i\)cc'  ives,      r'ne  studeiit   record  -  kce]^  i  ng  systoia  provides  the 
studer.t   and  leacluM'  with   information  on  Iiok  tlie  student   is  pro- 
V'.  I'es  s  i  ni: ,   and  also  nriuMdes  a  method  of  accumulating  data   for  a 
givcj)  student    in  relation  to  neiformance  oi>ioctives.     The  courso 
analysis  recor  d  -  l.eep  i  n  g  s\'ste5ii   is  a  computer  i  r.ed  monitoriiin 
ss'stem  wl^icli  provides   teach^er^s,   student  ^s  and  parentis  reports 
on  tlie  ;>rot;ress  of  tlie  student   for  Ih.e  current  gradinij  i^eriod. 
fA  .'Manual   monitoring  system  may  also  l)o  used,)     'i1"ie   i  ns  tiaic- 
r  [  o  i\ a  i    s  e  ( \  u  c  1 1  c     s  y  s  t  e  ki   i  s  a   s  e  ci  u  o  ]  i  c  e  of  a  c  t  i  v  i  t  i  c  s  u  s  e  d   f  o  r 
each   unir    stuciies.     The   seeueiu;e  cofisists  o  t'  a  pretest,  as- 
s  i);ned  olyiect  ives,    instruct  iorta]   material  ,   tCvacher  assistance 
fif  r,eedeci),   criterio!i  test   on  ol)jectives  vand  a   nosttest  ovc;r 
several   objectives.     The  grading   s)-stem   is  hasc^]  i^rimarily  on 
t!ie  student's  po^ttcst  scores  and  t!u"^  ninnh.er  of  olMcctives  com- 
f»  1  et  e^i  , 

;NssisVa]ice   is  available   for   scliooI:-  uishi]ig   to  initiate  a 
/'CIS,   and   1  n^^  t  rue  t  i  ona  1   iiiaierials  are  avnilal)le   for  seventh 
\l  rado  ina  t  h  eina  tics. 


Jan  ice  Spi  t  z 

{^,*•:^T^::      if  you  are  mte rested  in  using  ^^nv  of  t  ho  inaterials,  contact  Ms. 
.Judy  ^^I'Stoen  or  Dr.   Janice  Sni.th  at  the  Develoonient  F-<esearch  School, 
Florida  State  iJniversitv,  West  Call  Street,   Tallahassee,  Florida,  3230GO 


VrAlv  r  ,    I  r:nit    1\ . 

Conijuj  r  r  r  -  I^;iscd    Ins  ivwc  I  i  cukU   M;i  r^'^;:MMl)OM  t    Svs  t  rius  ;   A  I-  i  rs  t    ]  nol. 
C'^virwoT^  I 'due  a  i  K)n:\V  lU-VrTuxl'V  I  , '  No  r'T,"  V)]^ .  T^'i~7i 

Comnutcr  assisted   iastruction   (CM)   v;as  t!ic   fcM'crunnor  of 
computer  manaped   instruction   (CMP  .     Several   ^M^ojects  provcHl 
t]):it   CM  was   feasible,   hut   as  yet   it  lias  not   h^cn  shown  ]n\'ic- 
tical.     After  th»c   iuitial   romance  with  CM,   rcsoarcli  efforts 
hiave  I) eon  directed  towainls  C^H  . 

"lucli  of  this  article  "  .  ,  .  dcscr  ibcs  a  numher  of  existing 
coinput  er  -  based   ins  true  t  iojia  1  inanai;cment  s)\st  ems  and  a  seer  ta  i  p.s 
their   level  of  development/^     Tlie  projects  described  are  the 
Instructional  Management  Systera   (IMS)   of  Systems  I'ove  lopino!!  t 
Co  r])orat  i  on ,   t!ie  University  of  Pittshurph  Learninp  Research 
and  Ik-^ve  1  opmen  t  Center*  s   fr,<1  i  vidual  ly  Prescr  ihc  d  Instruct  ion 
flPI)   and   its  related  Management  ;nid   Information  System   f  1 IM  / 
?MS),   th(^  Program  for  Learning   in  Accordance  witli  Moods  fPhAN) 
developed  hy  tlie  American   Institute   for  Pescarch,   ♦he  Tcwich  i 
Information  Processing  System  fflPS)  written  h\'  Allen  Kelly  of 
the  University  of  Wisconsin,  and  the  Computer  Managed  System 
(C;;^S)   devcloi>ed  hy  the  lljiivcrsity  of  Wisconsin Research  and 
Development  Center  for  Co;;nirivc  Learning  to  suptn'>rt  the  Iruli- 
vidual  izcd  Mvithematics  Curriculum  Project   (H'TP).     Some  cons  id- 
oration  is  also  given  to  t]ie   instructional  management  asT^ccts 
of  the  CM  work  done  hy  the  Stanford  CAl  project  uiuler  Patric! 
Sup)ies  . 


Jack  S] i  nger 3  and 
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Grvesen,  Jamec  V. 

Sttidy  of  an  Independont  Study  Proqratm 

Cofleqo  Management        V.  ^  (January  1974)  pp.  30-32 

Now  students  at  the  Ohio  State  Kedlcal  School  can  choose  a  computer 
managed  system  of  instruction  as  an  alternative  tc  the  traditional  lec- 
ture-discussion method.    Both  programs  consist  of  three  segments  designed 
around  lx>dy  systems:  Normal  Man,  Introduction  to  Pathophysiology  A  Thera- 
peutics, and  Pathophysiology  of  Man.    The  Independent  Study  Program  (IPS), 
as  it  is  called,  combines  computer  study  with  one-to-one  consultation  with 
faculty  (average  of  3h  hours  per  week) ,  lab  demonstrations,  group  activi- 
ties and  seminars. 

The  program,  utilizing  an  IBM  360/SO  is  organized  into  34  modules, 
each  written  by  an  interdisciplinary  team  of  faculty  members.     It  is  in- 
tegrated horizontally,  across  the  basic  sciences  and  vertically,  involv- 
ing more  clinical  work  with  the  basic  sciences  to  make  the  beginning 
medical  curriculum  relevant^    The  individualized  instruction  makes  this 
possible,  affotdina  the  student  more  opportunities  for  clinical  exposure 
as  he  works  with  faculty.     Students  take  written  and  oral  exams  at  var- 
ious points  in  the  curriculum  and  enter  clinical  clerkships  when  thev 
finish  the  IPS. 

A  student  oaces  himself  through  the  program,  speeding  un  or  slowing 
down  to  fit  his  most  effective  learning  rate.     His  progress  is  evaluated 
on  an  "average''  6-day  week,  8  hours  of  study  per  day.     If  he  falls  behind 
''schedule"  more  than  50%,  he  must  justify  his  case  to  a  faculty  committee. 
VHien  he  feels  he  has  learned  the  material  for  a  module,  he  goes  to  a 
terminal  to  interact  with  the  program's  Tutorial  Evaluation  System  (TFS) 
which  asks  questions  and  evaluates  the  answers,  indicating  to  the  student 
where  his  deficiencies  lie,  orescribinq  additional  study  assignmer ts ,  re- 
viewing previous  material  or  suggests na  faculty  conferences.  Students 
keen  tlie  printouts  for  reference.     Faculty  may  obtain  up  to  the  minute 
retx)rts  on  individual  students  and  grou^JS  who  have  finished  particular 
modules,  which  simplifies  scheduling  of  other  activities.     The  computer 
also  provides  an  item  summary  of  responses  to  the  TKS  as  a  basis  for  im- 
proving item  construction.     Student  suggestions  for  improvement  are  also 
stored  and  made  axuilable  to  the  faculty. 

IPS  is  not  new  at  Ohio  State  Medical  School,  the  first  program  being 
initiated  in  1962,     '^/he  initial  program  proved  self -defeating  as  it  exist- 
ed in  con  junction  with  the  traditional  program;  it  also  lacked  adequate 
evaluation  processes.     The  school  secured  a  three-year  grant  totalino 
$1,098,000  from  the  Bureau  of  Health  Manpower  Education  of  the  tJ.S.  Public 
Health  Service,  National  Institutes  of  Health,  to  design  a  total  program. 
Ohio  State  has  what  is  prohablv  the  only  medical  curriculam  in  the  country 
that  can  be  picked  up  and  used  hv  other  schools--a  boon  for  new  medical 
schools.     Some  twenty  other  medical,  nursing  and  dental  schools  have  re- 
quested Ohio  State's  program,  indicating  that  the  interest  in  IPS  is  strong 
over  the  nation. 

School  offici'^Is  predict  that  IPS  will  be  an  aid  for  minority  stu- 
dents unaccustomed  to  hiahly  structured  instruction  or  those  who  have 
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weaknesses  upon  entering  medical  school.    The  program  is  highly  expend- 
able, allowing  addition  of  students  without  rewritina  proarams  and  pur- 
chasinq  new  equipment  except  for  terminals.     As  the  program  prcgresses, 
faculty  are  becoming  more  adept  in  writing  programs,  an  initial  pro- 
blem.   The  author  admits  the  initial  high  cost  of  TKS  but  says  the  costs 
level  out  over  a  period  of  time*    Ohio  State  Medical  School  operates  itn 
IPS  program  on  the  theory  that  personal  motivation  and  self-discipline 
produces  students  with  a  desire  for  life  long  learning,  an  important  re- 
quisite for  modern  practitioners  of  medicine. 

0.  Vest 


Oibb,  Glonadine  E. 

The  Compviter—A  Facilitator  in  Management  and  Instruction 
Mathematics  Teacher,  Vol.  9,  No.  11   CJanuar/  1973) 
Pages  17'-2I 

There  seem  to  be  tv.^o  general  directions  computers  in  education  are 
to  take:      (1)    instructional  individualization  through  computor-raanagod 
instruction  (CMI)   and  computer-assisted  instruction  (CAI) ,  and  (2)   the  use 
of  t-e  computer  as  a  computational  device  and  as  a  means  of  simulating 
concepts  within  the  present  curriculum. 

In  most  attempts  at  individualized  instruction  the  teacher  can  oasJ Iv 
wear  himself  down  with  clerical  work,  and  will  often  go  back  to  the  tra- 
ditional "page  by  page"  presentation  of  material  which  allows  for  little 
concern  for  the  student's  ability  to  master  the  material.     Much  of  this 
clerical  work  can  be  handled  by  a  computer,  which  can  test,  score,  diag- 
nose, and  prescribe  remedies  for  deficiencies.     TMs  relieves  th.e  toarhcr 
of  the  mammoth  clerical  hucdea  associated  wi\:h  teaching  and  frees  h:.in  oi 
hei    '.o  spend  more  time  in  rho  pJatuiing  of  individualized  instruction. 

7be  comouter  may  also  be  U5:ed  to  assist  in  the  pros^mtatjon  of  --aiTiii- 
la^e':  oroblenrs  /.t:d  kn* A;le:l'jc  be/ond  tho  scope  of  the  core  program. 
GAL  i^w/ides  a  tutoring  sysf.om  in  which  exciiange  of  questions  and  answers 
takes  place  betv/een  student  and  machine.     The  /.in/r^ed Laf o  f^  e'Jb^^ck  and  undi- 
vided attention  that  the  machine  can  give  the  student  .T\ay        tlie  critical 
reel  o'  au  irdiv'idual  s^udr:Jl•  at  r^ny  niven  time.     Caut:cn  muo^  ho  e>:er - 
cis3rl  In  rc-ncmbo/ irq  ju?l:     ov/  ]  ittln  ii^agir^^iou  Iha  c/m; -jter  itself  has, 

r-ur,t  be  programmed  by  sanoone  with  a  great  deal  of  knowledge  and  exper- 
ience, and  therefore  much  time  and  effort  must  be  provided  by  someone  to 
"instruct*'  the  com-vtor  so  it,   in  turn,  can  instruct  the  students. 

\vitl\  respect  to  its  uiic  either  as  a  facilitaror  or  u\anagcr  of  in-* 
strnction,   the  computer  is  a  moans  of  supplementing,   not  supplanting,  IhG 
teacher,  making  i*.  possible  for  hir  to  take  on  the  human  part  of  teaching. 
Our  professional  education  curricula  must  be  drastically  changed  if  teach- 
ers are  to  be  prepared  to  assum.e  thl-  new  role  where  thov  must  Mhift  much 
of  their  focus  from  drill  and  clerical  work  to  responsibility  for  inst- 
ructional design  ajid  strategy* 

Oames  P\  .Muck 

ERIC 
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l-ciucatioii  is  iniclrr  attack  i'roin  many  sources.  Taxpayers 
arc   revolting  against   liigher  anci  liigher  costs  and  also  against 
the   fact    that   t!icre  is  no  effective  way  to  jiKlge  the  finished 
product.     lalucation   is  !)eing  called  upon  to  l)e  more  responsive 
to  the    individual    -   tluit    is.   to   take   the  ever-exi*)aiid  iiig  l)ody 
of  knowledge  ai\d   fit   it  to   tlie   individual,   ratliei'  than  trying 
to   fit    the   individual    to   the  knou'ledgf^. 

A  remarkable  tool  callcvi  a  computer  can  hel])  education 
meet   these  deinands  .     The  computer  is  heing  used  now  in  several 
areas.     One  of  tliese  is  in  sclieduling.     >kiny  high  scJiools  liavc 
over   lOf^  course     offerings,  and  it  used  to  take  luuulreds  of  man 
Iiours  to  prepare  a  master  schedule  with  this  man)'  course  offer- 
ings.    Tins  job  can  now  ho  turned  over  to  a  cominiter. 

Aiu^thcr  w\'iy   in  which   the  comj'uter   is  helpful    is    in  indi- 
vidualizing  instruction.     Ver)'  complex  modular  scheduling  is 
now  j^ossible.     The  computer  helps  deteriaine  tlie  iiest  of  millions 
of  possible  combinations  of  classes;  and  by  scannirig  the  back- 
grounds of  the  staff  members,    it  can  l^elp  to  determine  the 
best  people  to  teach  these  subjects. 

T!ie  computer  is  very  useful    in  eval(Kition  educational  otit- 
put.      It   can  help  answer  caiestions   such  as  how  we  as   a  nation 
;:re  a  t  t  a  i  n  i  ng  ag reed  -  U])on  educa  t  i ona  1  oi\}  ec  t  i  ves  ,  wh  a t  progress 
we    ire  I'^a  .ing   in  American,  education,  and  what  problems  we  still 
facr  . 

Thv  comjjuter  is  useful  in  evaluation  because  it  males  ]ios- 
s  ? :  1  {he  inclusion  of  large  inimbers  of  factors  in  the  analysis 
of  a  systein.     !Uit   perliaus   the  most  l^asic  way  in  which  the  com- 

Iter  I-olj^s   in  evaluation   is  tliat   it  forces  neoplc  in  education 
lu  tiMnk  s  ys  I  ona  t  i  ca  1  1  y  ajid  with  clarity  about   their  methods 
arul   goa  1  s  » 

In  a  cost -benefit  analysis,  a  computer  can  ho  very  help- 
ful.    T!";e  reason,  again,   is  its  capacity  for  allowing  the  in- 
put of  !:uge  amounts  of  data.     'f!us  makes   it  ])0ssible  to  arrive 
at   better  decisions  about   which   items  to  iuiy  in  a  limited  bud- 
ge- t   s  1  tiui t  ion  . 

(Ircal  stri   es  liave  been,  made  in  t;  e  areas  of  computer  as- 
sisted  ir.struction   (CAI)   and  com])utcr  maiiaged  instruction  (CMI). 
Witii  !:iore  sopli  i  s  t  i  ca  t  ed  CAI  programs,    i  n:*.  t  r  uc  t  i  on  can  truly 
iiCcoiK    i  nki  i  \' 1  dua  1  J  ::ed  ;  ^^ecause  of  high  costs,   though^  we  arc 
a  good   ten  )'ears  away   fro)n  widespread  use  of  ('AI.  (Computer 
nianaj^Cil   instruction,   l;owever,    is  becoming  (|uite  practical.  An 
example  of  tiiis,  ])roject  PLAX  -  Program  for  beaming  in 
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Accorciance  with  .Needs   -   is  operatii^v;   in  sixtv-throe  scl^ool  dis- 
tricts across   thc^  country, 

Sdnie  additional   uses  o  f  coifiiuj  t  e  rs  could  he  inrormalion 
slorajie  and  retrieval,   to  free  teachers   frOm  roiitinc  clerical 
work,   and   keei)ini:  up  witli  t  ecli  no  ]  ot;y  .      li    tool:  fiundrcds  of 
years   for  education  to    feel    tlie  efVects  of  tlic^  print  inj;  nrcss, 
I>i^t    it  will   not   lake  so   long  to   keel    the  effects  of  the  coniiHiter. 


John  S]\  I  rev 
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[low  a  Computer  liojps  a  Tcju^her  to  Toacli 

Sc  ]\oo'! " T.fana ^tfe incirt  ,  TOc't  oT)e r  T!)"7  2)  , '  pp'. '  "l  G  - 1  S 

The  rrovidence,   l^jodc   IsJand,   sclu>ol    s)sreni   is  uiilizin^^, 
an  automated  record  leepinp  systcnn  to       \  n  p]*(^cise  information 
about   st\Kler\ts,  ^   Mroj^j'oss.     11u'  system,    i      1  ome)>t  ed  on  an   I  I'.f^ 
was  Jointly  developed  by  the   Providence^  School  District 
and  National   Iklucational  Program  Associates,  a  I'oston  consult  - 
i  a     r  i  nn . 

The   initial   project  v;as  develoi^cti   for  a  Model   Cities  rrid- 
ini^  proi^rain  for  students   In  grades  one  tln'0Uf;l\  ei^^ht.     'ITe  pro- 
y»ram  was  designed  ai'ound  a   list  of  124   readinj^.  skill  ohjr^ctives 
The  pro<;ram  currently   involves  students   in  six  schools.  The 
first  year  of  operation   for  these  schools  sl.owcd  all  ^M'ades 
with  trains   from  four  to   twelve  months  greater  than  prccUctcd. 

Ihe  computer   is  used  to  store   information  about   oacli  stu- 
deaths  nroercss,  the  time  taken  to  achieve  an  objective,  and 
the  materials  used   in  that   learrii^g  process.     f'rom  this  infor- 
matio]!   is  generated  oi)jective  attainnejU  analysis   lists,  pro- 
);ress   renorts   for  d  i  s  t  r  i  iriit  i  on  to  paren.ts,  a  na  t  e  r  i  a  1  s -e  f  f  ec - 
tiveness  evaluation,  a  montlvly  materials  cost   analysis  rejiort 
h\'  oi))ective,  a  yearly  sunmar)'  of  materials  cost  and  teacher 
time;  snent   oji  eacki  objective,  and  summaries  of  standardized 
test   results   for  each  toaclier^s  class. 

T])e   i  .n  t  roduc  t  i  on  of  the  new  reading  program  called  for 
f  x^ensivv*   inservice  trairing  for  teachers.     It  also  lias  changed 
the  role  of  the  administrator:     '\  .  .  adm  i  lu  st  ra  tor  s  ,  while  jio't 
instructors,  liave  k(^come  legitimate    instructional    leaders.  \s 
the  monitoring  sx'steja  signals  teachers  and  parents,   so   it  in- 
voiv/c.s   the  sclioo]   adm  j  n  i  s  t  ra  tor  s  moi^e    rlosely  than  ever   in  thr- 
r eacli  i  ng  - 1  ea  rn  i  ng  nroces  s  .  " 
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{ .  aw  1  e  r ,   l< .   M  i  ch  a o  1 

:^ol  ectod  Instructional  Strativjioo  in  ( \.>riputor--rrianacjoci  ;  nsb  ruction 
r'loridC4  St:at:o  Univorsity,  Tallahasse,  O:>m[)utor  Assisted  Ins tr\ictional 
Center,   1972,   30  pages 

Til  is  article  reports  on  tho  resulti;  of  a  study  of  the  differential 
effects  of  three  instructional  strategies  in  a  computer-manaqed  instruct- 
ion  (CMI)   environment.     Subjects  were  107  undorqraduates  in  a  health 
education  course  at  Florida  State  University.     Criteria  for  instrucbiop^il 
success   included  per foiTnance ,   attitudes /   and  time  spent. 

i'orty-one  students  received  traditional  classroom  instruction  (CI) 
and  served  as  a  control  group.     The  romaininq  students  were  randomly  as- 
signed to  one  of  three  CMI  treatments.     For  these  latter  students,  the 
course  was  divided  into  14  modules  witl^  a  total  of   32  obiectives.  Through-- 
out  the  course,  module  posttests   (5  iteris  per  objective)   were  administered; 
the  criterion  for  passing  a  module  test  was  set  at  BO  per  cent.  During 
the  first  week  of  classes  the  pretest  and  attitude  measures  were  adminis- 
tered to  all  students.     For  the  remainder  of  the  quarter,   the  CMI  students 
proceeded  with  their  study  of  appropriate  self-instructional  materials, 
vrnen  a  student  lelt  prepared,  he  scheduled  ti.me  on  a  CAI  terminal  and  was 
administered  the  posttest  on  the  module  he  had  completed.   Upon  course 
completion,   the  attitude  measures  and  final  examination  were  administered 
to  all  students. 

^''f  the  CMI  treatment  groups,   the  Remedial  Prescription-Forced  Mast- 
9J~yi  represented  the  most  typical  CMT  strategy/.     If  students  in  this  group 
failed  to  reach  criterion  on  an  objective,   they  were  presented  remedial 
[nescripr  Lous  and  were  requireu  to  take  anotlier  randomly  chosen  set  of 
items  until  they  reached  criterion.     Students  in  the  Kerned  j  a 1  P  re  s  c  r  ip  tu  on 
]V:;rcod  r rog)^^^ss ion  group  v;]\o  failed  to  reach  criterion  on  an  objective  were 
tnesenced    only  the  remedial  proscriptions  and  were  not  permitted  to  re~ 
pvMt  Uh-  fai  led  posttest.     In  the  iorced  Progression  group,   studeiits  who 
f.ti. if  d  to  roach  criteriori  on  an  objective  were  given  neithei  remedial 
i  ;rosc?d  ptions  nor  were  they  peiTaitted  to  repeat  the  failed  posttest. 

The   results  demonstrated  a  general  superiority  of  the  CMI  groups  on 
final  examination  performance   (p. <  .05) .     This  superiority  was  attributed 
-      (a)   a  greater  degree  of  familiarity  with  the  objectives  and  criteria, 
^nd  (:.}    possible  differences   m  levels  of  achievement  riotivation  on  the 
rinal  cxa;ainat  ion .     /^jnong  tlie  CMI  groups,   the  "forced  mastery"  groups  did 
significantly  better  on  the   final  exam   (p<  .OS).     No  significant  differ- 
ences v;ere  demonstrated  between  the  four  g^ouns  in  terms  of  attitude 
change.     :Jor  were  there  significant  differvi:  ^--  in  study  time  or  in  the 
n^jmlior  of  days  required  to  complete  half  or  ...  ;  of  ^he  module  posttests. 
Average   time  on  the  computer  for  all  CMI  students  was  approximately  3.5 
hours,  while  CI  students  spent  30  hours   in  the  classroom^ 
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W.HteM-s,  RicIiarJ  I',:   Ni  sli  iiiioto ,  ^^.a  i  ]   M.  :  |[orowitz,  John  A?:  nnd 

'  ^'  l.l^ry^' '  ^P'^^^'ji  t   o  f  1  nJ  i  V  i  r!ua  1  i  .:cd   1  iis  f  nu't  ion  w  i  tli  Comput  r  r 

Support'         ^ *      '  ~  ~"   ^ 

ProrcMHrinps  of   t!ic   1972  Ton  ff/r^Mic^.^  on  Compuivr^   in  Hn r j^radii;)  t  r> 
("nrriculum,  piihlisluMl  by  SoiUiiorn   '\^nional  Ilducatior]  Hoard, 
At  1  an  t  n  ,  (roor^i  n     ^^0  3  1  3 


Thr  s;ni>  I>civ/c0ii   lar^^c  ituU  riic  t  i  oiia  I  pvojcets  siieVi  a^>  imt^- 
Jocl    TLAN  arul  what   .a   ^ma  1  1   ^roup     f  tcaclicrs  iin,^]it   hopr  to 
s  i  j^a  and         1  ciiioii  t   is  ai^])a  1  1  i  r^H  y  orcat.     Tlic  au'rliors  dicscribr 
what   one  group  of  teachers  i^as  done  to   i!n])leiuont  a  small  iristrur.- 
tioaal  inaiiagemeTit  that   provide  so  1  f -o  v^a  lua  t  ion   for  the  student, 
course  review  for   the  instructor,   and  an  oi)]H)r  t  un  i  t  y  to  proceed 
into  more  so]v)  i  s  t  ic  a  t  ed  coripu  t  er  -  suppor  ted   Inst  rue  t  i  on  . 

The  system  consists  oi'  three  pronrruMs  .     0  io  is   for  entering 
the  answer  key  and  related  commerits.     A  second  j^rogran  t].c 
one   will  c!)  the  st  udent  uses  when  entm^ing  liis  answtn's.     The  last 
program  InCci-s  statistics  on  studeiUs'    responses  and  prepares 
rnpoiMs    for   I  lie   instructor's  use. 

iindcM'  this  systeii'  the  student   enters  )i  i  s  aiiswers  to  a 
t>r  intod  ipje  u  ion    list.     1;\e  re  sponses   are  seor^nl  and,  al  t'se 
i  ns  :  rue  t  o  r '  s  ojn  i  on  ,   correct   a  rs  we  rs  a  re  p  re-;  'MUed  ,     1  lul  i  v  i  (hia  I 
coiiiiru\nts   fioiM  the   instructor  to  the   student   are  also  printed. 

'y'\o  article  coj:tains  sample  outputs   froiii  each  [M^Tgi-aii  ar,d 
ofic^rs   suggest  iens   for  fiitui'e  de\^e  1  oipneats  of    th.ese  prograi;\s. 
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T'OVACK  :Dt.ands  for  ;U  "  f>ront  :  at.ecl ,   ')ral,  visual,  <uiral,   corpatori  i^.^  H  , 
k  1  no^sthe tic .     It  is  in  the  cxparimontal   staqo  in  a  comraunity   in  noi  t>.~ 
v;o<3t  Florida.     DOVACK   is  hoinq  usod  with  studnnts  wlio  .ire  way  behind  in 
readir.g  a>Kl  vocal^ul     y .     it  work^i  as  follov;s.     The  i;tudent  dictator,  a  story 
t^-^  a  tape  recorder,     Ov^:.rni'jht,   that  story  is  pjDichod  onto  card:^  and  led 
into  a  computer.     Tt  is  tvpcc\  exactly  a3  the  child  dictated  it,  bad  q^rm- 
mar  and  ail.     The  next  dav,   the  child  n\ay  siv.  and  li.^ten  to  the  story  he 
dictated  the  day  before.     He  is  also  provided  with  j  printout  of  his 
Mtory  which  ho  can  read  as  he  listens  to  it. 

Tfie  DOVACK  student  spends  rine  class  period  a  «"iay   in  the:  pro  gran,  1'ho 
t  i  r s t   t h  \  n q  hv  doci s  du r  i nq  this  peri od  is  to  t a k e  o vi t.  ri i s   folder  wh i cl i 
contains  previously  dictated  stories  as  [printed  out  by  theCControl  Data 
6400  computer  located  at  Florida  St-jte  University.     "'vich  time  he  (iictdtcs 
a  story,   a  :)OVACK  teacher  or   Jid  li::iten;  to   If  as  she  ^uiiches  it  ont(^ 
cards.     y'.'y  ti\en  rcdictates   it  vor  him,    replacing  his  strr^iiq  Af ro-A.-n* -r i can 
d  i  a  1  e  c  i .  v;  i  t ? i  s  t a  nda  rd  Knq  1  i  sh  p  ronoun c  l  ^  t  i  o n  w  i  t ho  1 1 1    d  i a  nq  1  n -r  t  he  o  r  j  q  i  n.  1 1 
vord  orde  ^^ , 

Hcfcro   t]\Q     tudent  do^is  anythirij  with  tiv^:-c  recoi:linqs  and  ;)rintouts^ 
he  dictates  a  new  story.     Preferably,   h';  dictates  soraothir::  ue  has  recently 
'.'Xp^er ;.eMctNl'--a  television  shov;  for  inst  uK:e»     '?rr  a  e  of  his  own  experi^ 
en  ;e   ?     :  jVACK*s  cor^'  philosopiiv. 

'low,   the  I  ■J  VAC?  ■  :^fMdent  cc^ntinuos       ^h  his    iqenda,   whicii  can  consist 
c^f    V  v/i  do  rauqe  of  activities.     Ke  r^adi.  the  prir^tOvit  of  the  previous 
dav';v  dictation,    listening  v;ith  liis  ear  phonc^  to  :\Ls  teac]-;er's  voice 
car(^fiilly  proncuncinc:   the  vords .     ';he  Dr:VACK  student:  rr;Lqtit   fhon  choose  ar* 
older  storv  fron  his  tile  and  read  it  aloud  to  another  student  or  a  qrouo 
stcdeiits.     C-r  he  miqht  listen  to  another  student  read  to  him. 

'Md  qrai'jTiar  it.  not    J  qnored  forever.     Froin  several  of  trie  child's 
.con*-;,  a  co:rpnsite  storv  in  the  tliird  p^^rson  is  made,   using  correct  'jrarn- 
-^ar.     7h>-  criilc  reads   thi:;  story  aloud  and  studies  it  as  another  way  of 
puttin;  -:>nncs  ce  had  sairl  earlier. 

T^^st:;^  aro  ad'iini stored  every  six  days  on  rhe  new  words  the  pupil  has 
introduced  since  the  last  exam.     Kvory  thirty   six  days  the  student  is 
teste-"   for  recall,     crogress  reports  arr^  printed  ajon-r  with  a  scatter 
*.aart  of  J:he  SvjMi  s  of  all   stuchjnts  to  assir^t   the   teach  -r  in  virrcing  each 
:-;tudents  progress  with  respect   to  the  entire  DOVACK  por>ulation. 

It  a:>pe.jr     c:\  th(:  surface  that  D'V/ACh  is     ru'     i  ir  <  ■  r;f  f  v;  i.  way  or  ivjal- 
icq  -VIC.:-    rea'ba  ;    ^^rc'blers,     ::e.vever,    it  is  r.ot   the  o-dy  way,      Mich  rr-' 
•I'.i  i  needs  t*:  :.\V;.:^od  be'r-ir"*  any  snouol\fi-^s    da^.i'^  cc    Ve  c.'.de, 

bowo'/e.:',    the  exper  inont  doei    ohow  that  bCVACi:    diould  be  nado  economically 
feasible  to  anyone  who  wvmts  to  usc^  it  . 

John  Shi rev 
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SRCTION  A:     Administrative  Uses  of  Computers 

0*70  r  view 

It  is  hecx)minq  increasinqly  clear  that  we  stand  at  a  crossroads  in 
education.     This  is  true  in  all  areas  that  are  usually  considered  integral 
parts  of  this  concept  -  teaching,  learning,  the  learner,  curriculum,  ev- 
aluation and  measurement,  philosophy,  and  administration  -  to  name  a  few. 
We  are  in  the  midst  of  one  of  the  greatest  revolutions  in  recorded  history, 
the  technological  revolution.     The  explosion  is  chionicled  all  around  us, 
whether  wo  consider  organ  transplants,  space  exploration,  or  communica- 
tion systems.     A  prin.e  mover  of  this  revolution  is  the  computer.     A  baby*s 
cry  in  California  is  diagnosed  by  computer.     A  hank  in  Washington  offers 
computer  printouts  showing  customers  their  cumulative  budgetary  expendi- 
tures by  cateaory.     A  college  in  Now  York  experiments  with  shopping  by 
televised  computer  hookups,     lieart  diseases  are  detected,  complex  space 
voyages  are  controlled,  school  enrollments  are  projected,  all  by  computers, 
tt  is  our  belief  that  within  our  lifetime,  the  computer  will  significantly 
alter  the  life  of  every  human  being  on  this  planet.     The  power  exists;  it 
will  grow.     Someone  will  control  it.     Someone  will  make  decisions  (compu- 
ter based)  that  will  affect  yoj,  your  schools,  your  students,  and  your 
teachers.     If  educators  are  to  have  a  voice  in  the  uses  of  computers  in  the 
^Educational  process,  we  must  learn  a}x>ut  the  comnuter  and  consider  the  im- 
plications of  the  computer  for  education. 

Kduc  a  t > On  a 1  Admin  i  s  t  ra  t  i  on .     The  contributors  to  this  chapter  on  adminis- 
trative uses  of  the  computer  faced  a  basic  problem.     What  is  administra- 
tion?   What  tasks  performed  by  computers  can  be  called  administrative? 

There  are  several  well  known  models  or  definitions  of  educational  ad- 
ministration.    Getzels  and  Giba  have  characterized  administration  as  a 
role  in  a  social  system.     Knezevich  and  others  discuss  administration  in 
terms  of  a  series  of  tasks,  including  such  things  as  curriculum,  business, 
puoil  personnel  services,   facilities,  and  public  relations.     Fayol,  Gulick, 
Litchfield,  Scars  and  others  have  proposed  a  model  of  administration  as 
a  process  involving  planning,  organizing,  coordinating  and  evaluating.  Some 
authors  view  administration  as  various  combinations  of  thf^se  and  other  defi- 
nitions . 

It  is  clear,  then,  that  different  readers  of  this  section  will  view  ad- 
ministration differently.     Add  to  that  oroblom  the  fact  that  elementary  and 
secondary  school  administration  have  imoortant  differences.     How  can  we  con- 
sider everyone *s  view?     In  attempting  to  solve  this  problem,  acknowledgement 
is  made  of  these  different  views.    Therefore,   the  content  of  this  section 
has  been  written  for  everyone  making  administrative  decisions  and  engaged  or 
interested  in  administrative  {organizational  leadership  and  management) 
activities . 

Problem  Areas.  There  are  certainly  economic  deterrents  which  prevent  the  use 
of  computers  in  school  administration.  Limited  school  budgets  are  already 
stretched  just  to  keep  un  with  the  status  nuo.  It  is  difficult  to  iustify 
larrre  expenditures  of  money  for  computers  unless  significant  positive  results 
can  be  demonstrated.  Moreover,  monev  used  for  administrative  purposes  is  not 
available  to  use  for  instructional  purposes.  We  must  admit  th:it  it  is  diffi- 
cult to  not  justifv  these  large  expenditures  for  tools,  teachers,  curriculum, 
methods,  structures  which  improve  the  instructional  process.     To  justify 
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atlministrati vo  use  of  computers  involves  careful  nlanninq,  design,  implo- 
nentation  and  evaluation  (many  of  these  topics  are  discussed  in  other  areas 
of  the  handbook).     It  is  difficult,   if  not  impossible,  to  demonstrate  for 
and  coii/ince  school  boards    and  administrations  of  the  practical  and 
future  uses  of  the  computer  unless  thov  are  willing  to  be  educated  in  this 
area.     All  educators,  not  just  administrators,  need  to  explore  any  method 
or  concept  that  will  enhance  our  educational  system* 

Tn  addition  to  economic  considerations  and  the  need  to  know  more  about 
the  comnuter,   there  is  a  serious  problem  in  the  pref:)arat ion  of  nersonnol 
qualified  specifically  to  desiqn,  establish  and  operate  educational  data 
orocessinq  systems  in  school  districts.     If  computers  are  to  be  seriously 
considered  for  educational  uses,  we  must  prepare  people  in  this  line  of 
work  who  have  had  experiences  in  the  classroom  and  in  school  management. 
No  lonqer  can  we  allow  people  and  aqencies  outside  of  educational  circles 
to  control  education  in  terms  of  computer  applications,  textbooks,  stand- 
ardized tests,  etc. ♦ .     It  is  time  for  educators  to  direct  these  activities, 
^rhis  does  not  imply  that  we  cannot  learn  from  the  experience  of  others. 
V/e  certainly  should  and  must  do  so.     This  does  imply  that  educators  are  re-- 
sponsible  for  education. 

Why  Computers  in  Administration?      To  balance,  or  overbalance,  the  deter- 
rinq  factors  already  mentioned,  there  are  factors  promotinq  computer  tech- 
noloqy  in  schools.     Administrators  are  certainly  looking  for  ways  to  re- 
lease teachers  from  clerical  and  routine  paper  work .     Also,  they  are  seek- 
ing and  using  types  of  information  never  collected  before  which  is  nuw 
deemed  necessary  to  make  decisions  concerninq  the  efficient  and  effective 
operation  of  a  school  or  district.     For  improvement  of  curricula,  rapid 
feedback,   for  the  diagnosis  of  student  needs,  a^^ses^ment  of  results,  and 
for  efficient  instructional  use  of  diversified  materials,  automated  cata- 
loging and  retrieval  systems  are  neccs,.arv.     Innovations  call  for  computers; 
comouters,   in  turn,   facilitate  innovations. 

What  are  some  conclusions  to  be  drawn  concerning  the  use  of  the 
computer  in  administrative  tasks?        Ample  evidence  abounds  to  support  the 
application  and  acceptance  of  the  computer  when  it  is  used  for  masses  of 
data  related  to  well-defined  tasks,  when  processing  is  highly  repetitive, 
when  rules  for  decisions  are  soecific,  when  nroces^es  art;  to  be  repeated 
rviny  times  under  a  variety  of  conditions,  and  when  there  is  great  demand 
for  speed,     '''-^on  comouterization  has  been  app   ^priately  applied  to  educa- 
tional data  there  is  little  doubt  that  it  has  reduced  the  amount  of  profes- 
sional time  and  energy  previously  devoted  to  clerical  worki   it  has  reduced 
the  unit  cost  of  data  processing  and  it  has  facilitated  the  development  of 
new  techniques,   resources  and  processes  not  before  feasible  with  previous 
technolorry . 

One  of  the  most  valuable   (some  v/ould  nuestion  thi^>)   results  froir,  intio- 
ducinq  comouter  technology  into  education  has  been  the  need  to  examine 
no  re  precisely  the  nature  of  learning  itself  and  tre  accompanying  nro^<^d~ 
ures,   schedulec,  objectives  and  assvimptions .     Put  a  different  way,  the  com- 
t)uter  is  a  valuable  tool  in  the  study  of  the  nature  of  learninq  and  the  ed- 
ucational process. 

Technology  '^Vianges  the  role  of  the  administrator.     As  the  administrator 
places  increased  reliance  on  the  computer  and  automated  procedures,  he  or 
she  must  understand  what  this  implies.     A  computer  can  supplv  the  school 
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adTiinistrator  with  more  comj)r6hen3ive  i"ind  up-tc-.iate  information,  Howevor, 
accfiflB  to  more  data  doos  not  ensure  wise  selection  or  use  of  it.    Tho  most 
Htrikinq  feature  of  computer  technoloqv  in  the  wide  qap  between  practice 
and  notential.     This  disparity  applies  K-joth  in  the  nature  and  ncopo  of 
applications  and  in  the  breadth  of  undor.standinq  and  acceptance  of  the 
power  of  these  anplications  to  improve  education.     Computers  cannot  eliminate 
human  failure,  but  they  can  enhance  success  of  human  endeavor • 

Remainder  of  Thin  Chanter.     The  followinq  reoorts  include  difjcussions  on 
and/or  exauTiolcs  of  adifiinistrative  u3o*=;  of  the  computer.      The  first  section 
covers  the  current  state  of  the  art.     This  area  has  been  delineated  into 
five  divisions  of  administrative  tasks;  finance,  facilities,  personnel, 
curriculum,  and  students.     Many  of  the  tasks  listed  are  currently  beinq 
performed  for  administrators  whose  districts  have  contracts  with  r/riS 
(Oregon  Total  Information  Service) . 

Accountability  is  a  keyword  to  today's  administrator •    The  section  on 
Management  Systems  discusses  three  models;  PPBS  (Planning  Prrqrammed  Bud- 
qetinq  Systems^,  PERT  (Program  Evaluation  and  Review  Techniques),  and  HRPM 
(Resources  Requirements  Prediction  NJodel).    These  technique  analyses  offer 
the  administrator  a  tool  with  which  to  plan,  implement,  and  evaluate  pro- 
grams and  resources. 

The  next  section  briefly  covers  the  counseling  asoects  as  an  area 
which    receives  consideraMe  administrative  attention.    This  is  followed  by 
some  comments  intended  to  give  a  brief  future  perspective.     A  list  of  re- 
sources and  a  selected  bibliography  concludes  this  chapter. 

The  programs  and  examples  which  are  listed  and/or  discussed  do  not 
encompass  all  current  uses  of  the  computer.    Itie  intention  is  to  inform  the 
reader  of  some  current  activities  involving  the  computer  in  the  administra- 
tive field. 

General  Administrative  Uses 

Computer  technology  is  advanced  far  beyond  actvtal  school  administrative 
uses,    f-loreo^'er,  educators  are  far  behind  in  their  ability  to  define  their 
needs  and  problems,  and  in  turn,  have  not  communicated  to  the  computer  sys- 
tem designer  what  they  want.     Present  hardware  can  be  programmed  to  do  a 
great  many  of  the  listed  functions  of  administration.     It  should    be  kept  in 
^ind  that  the  computer  is  a  tool  that  relieves  peoole  of  tedious  projects  and 
assignments.     It  can  perform  these  tasks  faster  and  more  accurately  with 
greater  economy  than  is  possible  with  people. 

The  administrative  functions  can  he  listed  under  five  headings: 
1)     Finance;  2)     Facilities;  3)     Personnel;  4)  Curriculum;  and  5)  Students. 
In  all  of  the  functions  listed  below  the  computer  can  olay  a  significant 
role,  either  assisting  the  school  administrator  in  the  task,  or  handling  th** 
task  completely. 

Finance . 

A,    Budgeting  and  Accounting 

1,    Making  analysis  of  estimates  and  requests  for  funds. 
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2.     Allocating  funds  to  specified  cateaories  and  keepinq  up-to-date 
bookkeeping  svstem  with  a  constant  analysis  of  nroiectod  spondinq 
compared  to  actual  spondinq. 

K     Projected  cost  and  estimated  incomes  with  analysis  of  tho  total 
overall  budget. 

4.     Printout  of  financial  rei-jorts  to  various  levels  of  responsibilities 
i.e.,  board,  state,  and  federal  aqencies. 

R.  Payroll 

1.  Preparation  of  payroll  with  automatic  printing  of  checks. 

2.  Maintenance  of  accounts  of  each  employee  for  quick  retrieval  and 
analysis . 

3.  Preparation  of  reports  to  tax,  retirement,  and  insurance  officials 
as  well  as  the  employee. 

4.  Salary  accounting  from  various  budget  categories  and  to  various  edu- 
cational programs. 

5.  Complete  analysis  of  payroll  expenditures  with  regard  to  budgeted 
amounts . 

6.  Preparation  of  proposed  salary  schedule  and  analysis  of  input  on 
overall  budget. 

Purchasing 

1.  Accumulation  of  requisition  for  quantity  purchasing. 

2.  Automatic  control  of  encumbrance  and  release  funds. 

3.  Maintains  complete  analysis  of  materials  and  supplies  from  vendors 
along  with  all  statistical  information. 

^.     Make  available  an  analysis  of  disposition  of  goods  and  services 
purchased. 

.     Preparation  of  requisition  procedures  for  rjtock  items  with  auto- 
matic recording. 

6.  Makes  allocations  of  costs  to  budget  categories  and  projects. 

7.  Prepares  routing  and  delivery  schedules  for  instructional  and 
office  supplies. 

R.     Continuous  up-to-date  inventory  of  supolies  and  materials  both  in 
use  and  stocked. 

9.     Generation  of  bill  and  general  debiting  and  crediting  to  proper  ac- 
counts with  immediate  follow  up  of  unpaid  hills. 

10.  Preparation  of  food  ordering,  inventory  and  payment  of  accounts. 

11.  Analysis  of  avail£d)le  food  items  and  price  in  relation  to  diet  and 
pupil  eating  habits. 

12.  Projected  cost  and  income  of  food  services. 

All  of  these  functions  can  be  and  are  being  provided  by  computer  uti- 
lization.    Not  every  school  district  involves  the  computer  in  these  areas 

finance;  however,   in  large  districts  the  economics  provided  by  using 
up-to-date  data  processing  are  worth  investigating*     Keep  in  mind,  thouqhr 
that  any  and  all  of  the  areas  of  finance  can  be  and  are  being  handled  by 
r>eople. 

Facilities. 

A.  Maintenance 

1.     Scheduling  of  preventative  maintenance. 
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2.     r^oplacomont  ache^lulinq  arifl  cost  appraisal  of  bui  Id  Lng  i  tonn  . 

1.     Cont  analysis  of  product  rnllability  anri  durability. 

^.     Repair  nchedulint^  with  co3t  comoarod  to  roplacemont  of  itoin':  for 

hotter  decision  makinq. 
'3,     Depreciation  schedules, 

R*     Future  Ruildinq  Needs 

1.  projected  building  need  based  on  student  population  and  community  ex- 
pansion . 

2.  Up-to-date  analysis  of  building  costs  and  projected  costs. 

3.  Preparation  of  budget  and  election  materials  for  community  support. 

Personnel . 

1.  Job  evaluation  and  analysis  of  need  and  Performance. 

2,  Complete  records  of  staff  with  un-to-date  experience  and  qualifications. 
1.     Salary  information  and  replacement. 

4.  Personnel  selection  information  from  interviews  with  up-to-date  comnari^ 
sons  of  candidates  quali f ications • 

5*     Personnel  evaluations. 

6*     Personal  files  of  staff  status  with  respect  to  district,  state,  and 

federal  requirements . 
7,     Scheduling  of  teacher  loads  and  classroom  assignment^. 

Curriculum--Registrat ion  and  Scheduling.     Scheduling  and  registration  have  been 
two  of  the  first  areas  of  application  utilized  by  most  public  schools  and  has 
considerable  acceptance  among  administrators. 

Reasons  for  the  use  of  computers  in  registration  and  scheduling  include! 
1)  business  data  processing  equipment  is  well  developed  and  suitable;  2)  large 
increases  in  enrollment — with  wide  varieties  of  student  needs,  highly  varied 
curriculum,  and  '^ourse  offerings  often  exceeding  100--have  caused  tremendous 
clerical  burdens;  and  3)  it  allows  a  school  to  carry  out  routine  information 
processing  with  increased  speed  and  accuracy. 

Basic  obstacles  in  computer  application  in  registration  and  scheduling 
have  been:     1)     cost,  2)  lack  of  adequately  trained  educators  to  plan  and  su- 
pervise the  activities,  and  3)  lack  of  good  access  to  adequate  computer  fa- 
cilities. 

In  scheduling  and  registration,  the  administrator  must  gather  informa- 
tion regarding  his  staff,  the  facilities  to  be  used,  the  course  offerings, 
student  course  selections  and  other  information  on  how  the  school  wishes  to 
conduct  its  business.     The  information  is  fed  into  a  computer  which  collates 
the  material  and  prepares  reports  of  use  to  the  school  administration. 
These  may  include: 

1.  Records  of  course  requests. 

2.  Analysis  and  comparison  between  requests  and  actual  proposed  program. 

3.  Check  for  course  prerequisites 

*1  •     Listing  of  students  requesting  special  courses. 

5.  Conflict  schedules 

Master  schedule  preparation. 

7.  Simulation  of  the  master  schedule  for  puinoses  of  refinement. 

8.  Class  schedules. 
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9.  Counsel  or  assiqnTnont  lists, 

10.  Temi)orap/  and  varifind  class  lists  for  teaclmrs. 

11.  Room  utilization  and  room  assiqnmfint  lists. 

12.  Kxtrac\irricular  activity  tino  assiqnnonts. 

13.  Tx>cker  assignment  and  lock  conbination  records. 

With  this  information  available,  the  administrator  can  more  oasilv 
analyse  teacher  loads,   room  loads,  and  student  demand  for  cour^ses.     Jlr  can 
hotter  answer  questions  such  as,   "How  many  courses  arc  available  in  each 
field  and  at  what  levels?"  and  "How  many  and  what  kinds  of  students  are 
takinq  those  courses?" 

An  area  just  beginninq  to  be  exolored  by  administrators  is  that  of 
prO]octin<3  enrollment  chanqes.     Questions  such  as,  "Will  the  school  dist- 
rict's enrollment  continue  to  qrow  (or  decline)  at  the  same  rate  it  has  in 
t!ie  oast  sev.^ral  vears?'*,   "Do  I  know  now  many  children,  by  qrade  level,  I 
can  exnec:  rrom  those  new  housinq  de^'elopments?"^  and  "Should  I  build  more 
permanent  classrooms  now?    l^at  about  five  years  from  now?"  are  typical.  A 
oood  scho<il  manar/ement  informr^tion  system  can  provide  answers  to  such  q\ies- 
tions.     It  can  aid  in  the  exploration  of  answers  to  these  and  similar 
questions  under  a  variety  of  assumotions  of  oossible  chanqinq  population. 

Students  "-Census,  Attendance  Accounting,  Proqre*.s  r^oporting.       Student  cen- 
r^us  is  composed  of  facts  regarding  age,  sex,  grades  and  grade  level,  int- 
e.*ests,  test  scores,  attendance,  health  information,  and  socio-economic 
background  of  a  pupil. 

Through  analysis  and/or  correlation  of  different  items  and  factors 
stored  in  data  files,  and  administrator  can  obtain: 

1.  Enrollment  projections  and  ore-school  surveys. 

2.  Federal  employment  of  narent  surveys. 

1 .     Attendance  law  compliance  infomation, 

4.  Student  directories;   addresses,  phone  numbers,  etc. 

5.  School  directories,  district  directories,  and  family  unit  direct- 
ories . 

^1.     Mailing  labels  for  mailing  school  communications. 
7.     F^us  transportation  and  schedule  control  lists. 

Attendance  accounting  provides  the  capability  to  collect  and  maintain 
information  needed  for  the  state  attendance  report. 

Available  feedback  or  output  for  the  administrator  includes: 

1.  Daily  attendance  bulletins. 

2.  Period  by  period  attendance  accounting. 

3.  Weekly  attendance  report, 

4.  State  quarterly  report. 

5.  Anntial  reoort. 

Recording^  posting,  and  summarising;  by  punil,  by  classroom,  by 

school,  and  by  district, 
?♦     lAstinq  o^  students  with  possible  attendance  problems. 
>3.     Li^Jtino  of  students  on  suspension,  with  expected  dates  of  return* 

Listing  of  withdrawn  students. 
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Punil  progress  reporting  provides  for  collection  of  student  nerform- 
ance  marks  and  the  updating  of  the  student's  record  in  the  data  file. 

Available  output  for  an  administrator  includes: 

1.  Printing  of  report  cards. 

2.  FxcePtion  listing  (those  not  given  one  or  more  gra'es). 

3.  Honor  R0II--GPA 

4.  AccuFMilative  Honor  Roll--GPA  rank  within  class. 

5.  Grade  1 isting--year  to  date  of  courses  and  grades  received. 

6.  .-upil  transcript. 

7»  Grade  analysis--by  individual  course  and  by  individual  teacher, 

9.  List  of  deviations  from  expected  performance  by  student. 

9,  Progress  reports — high  and  low  achievers. 

ID.  Correlations  with  ability  groups. 

11.  Underachiever  identification. 

12.  Computation  of  various  averaging  and  ranking  statistics. 

13.  Standardized  test  scoring--student  profiles,  score  lists,  fre- 
quency distributions,  and  correlations. 

The  ultimate  purpose  ond  objective  of  all  decisions  in  education 
should  be  related  to  the  learner.     Therefore,  student  data  is  the  pivot 
around  which  all  the  rest  of  the  data  and  all  administrative  decisions  must 
be  based. 

Since  a  wide  variety  of  background  information  concerning  each  student 
can  be  collected  and  accessed,  one  must  avoid  possible  invasion  of  an  in- 
dividual's rights.     One  must  make  sure  that  data  is  not  indiscriminately 
put  into  pupil  files  and  that  access  to  these  files  is  carefully  regulated. 

Administrative  uses  of  the  computer  are  certain  to  expand  within  the 
next  few  years.     A  major  trend  is  the  development  of  total  integration 
systems,  capable  of  gathering  information  from  any  of  the  five  areas  pre- 
viously mentioned,  and,  on  request,  presenting  it  in  a  meaningful  report 
to  the  school  administrator  as  background  for  decision  making.  Specific 
examples  of  such  systems  are  OTIS  (Oregon  Total  Information  System) 
based  in  Kugene,  Oregon  and  TIES  (Total  Information  Education  System)  in 
operation  in  Minnesota. 

Management  Systems 

As  schools  becoma  larger  and  more  diversified,  it  becomes  necessary 
to  develop  tools  for  management  of  the  system.     Computers  can  and  are  being 
used  by  schools  to  facilitate  planning,  developing  programs,  and  budgeting 
of  programs.     In  this  section  a  planning-progrcimming-budgeting  system  is 
defined  and  explained  and  the  roles  that  the  computer  is  playing  and  will 
be  playing,  in  the  total  management  of  schools  is  discussed. 

PPBS.      A  Planninq-Programming-Budgeting  System  (PPBS)   is  a  major  system 
analysis  technique  enabling  school  administrators  to  identify  objectives, 
delineate  programs  to  achieve  objectives,  analyze  alternatives,  allocate 
resources  over  a  soecific  period  of  time,  and  compare  costs  and  eff<»ctive- 
ness. 

Program  Planning  Budget  Systems  refer  to  output  oriented  programs  and 
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activitins  of  an  orqani^^ltion  to  spocific  rosourcQG  that  are  normally 
stated  in  budqet  dollars.     Both  programs  and  roROurces  arc  proioctod  for 
at  loa^t  fivo  vears   in  tho  future.     P^mphasis  is  placed  upon  outputs,  cost 
of f octivenoss  and  mothods,   rational  planninq  techniques,   long-ranqo  ob- 
jectives, and  analytical  tool'>  for  decision  making. 

The  concept  of  PPHS  was  introduced  to  industry  and  qovernmont  in  the 
early  I920's.     However,   the  technique  of  relating  budget  costs  to  program 
^utnut  was  not  recognized  as  a  powerful  management  tool  until  the  Hoover 
Commission  in  1948  recomnended  its  implementation  in  government  agencies. 

PPns  became  an  operating  realitv  in  19G1,  when  Robert  McNamcra  re- 
quired its  implementation  for  budget  management  in  the  Department  of  De- 
fense.    The  successful  implementation  of  PPRS  in  the  Department  of  Defence 
inspired  President  Johnrion  in  1965  to  issue  an  executive  order  to  the 
effect  that  all  federal  government  agencies  would  be  required  to  change 
their  function--obicct  oriented  budgets  to  a  proqram  accountability  focus. 
With  the  pressure  from  society  on  educational  institutions  to  be  account- 
able came  the  presence  of  PPBS  in  public  education.     During  the  past  five 
years,  educational  institutions  have  carefully  and  slowly  approached  the 
utilization  of  PPBS,  and  in  some  districts  experimental  programs  have 
been  established.     The  implementation  of  PPBS  techniques  have  been  haste- 
ned during  the  past  two  or  three  years  because  state  legislatures  are  be- 
ginning to  carefully  scrutinize  the  output  factors  in  education  in  re- 
lation to  increased  appropriations.     The  outgrowth  of  this  increasing  leq- 
islative  concern  is  the  need  on  the  part  of  educators  to  demonstrate 
accountability  in  terms  of  substantiating  requests  for  funds  through  the 
development  of  standards  or  measures  by  which  educational  output  can  be 
measured. 

As  of  1072,  approximately  1,000  school  districts  in  10  states  had 
achieved  uneven  rates  of  success  with  PPBS,  e.<j.,  Dade  County,  Florida; 
Skokie,   Illinois;  Pearl  River,   New  York;   Oarien,  Connecticut;  Philadelphia, 
Pennsylvania?  and  Shoreline,  Washington.     All  of  these  schools  have  some 
form  of  PPBS,  although  it  may  be  given  a  different  name.     T/>cally,  in 
f^regon,  there  arc  several  schools  beginning  a  PPBS  program,  e.g.,  McMinn- 
ville  and  Cottage  r;rove.     The  program  in  McMinnville,  Oregon  is  referred 
to  as  PPBKS  {Program,  Planning,  Budgeting,  Fvaluation  System).     In  Cottage 
Grove  the  PPBS  program  is  referred  to  as  SPrcs   (School     Planning,  Evaluation, 
and  Communications  System).     Although  there  are  many  different  names  for 
PPB  systems  they  are  all  basically  similar.     The  future  of  PPBS  seems  prom- 
ising in  that  it  offers  schools  an  onnortunitv  to  design  a  long-term  plan 
for  creative  instruction.     In  addition,  PPBS  helps  relate  the  cost  of  a 
proqram  to  its  merits  and  links  all  areas  of  schools  such  as  teacher  aids, 
supporting  activities,  research,  libraries,  administration,  research  and 
devnlopnont  of  subject  matter  in  terms  of  tine  and  cost. 

Specifically,  most  PPB  systems  assist  in  answering  the  following 

quest  ions : 

What  obiectives  should  tho  school  achieve? 

How  effectively  are  existing  nrograms  achieving  then? 

vvhat  are  the  long-term  plans? 

What  resources  are  needed  and  how  can  they  be  allocated  to  best 
advantage? 
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Arc  there  promisinq  alternative  annroaches  to  f^ecurinq  better  results? 
Are  the  funds  the  public  supplies  for  schools  a  qood  investment? 
How  could  the  return  be  improved? 

What  priorities  should  he  established  amonq  the  noals  and  programs? 

Should  some  activities  bo  eliminated?    Which  ones? 

What  activities  should  bo  qivon  qreater  support? 

Should  taxes  be  increased? 

Mow  will  additional  revenue  bo  spent? 

What  specific  benefits  will  result? 

Should  some  of  the  current  responsibility  of  the  schools  be  turned 
over  to  other  agencies? 

Should  the  schools  assume  additional  functions  to  fulfill  unmet  needs? 
What  are  tnoy? 

The  first  step  in  a  PPB  system  is  listinq  what  the  school  system  ex- 
pects to  do.     The  objectives  must  be  stated  in  clear,  precise,  and  as  far 
as  possible,  measurable  terms  so  that  they  can  be  used  as  bases  for  evalu- 
ating the  effectiveness  of  educational  activities.     The  school  then  pro- 
ceeds to  explore  alternatives  for  achieving  its  objectives,  chooses  the 
most  promising  and  feasible  approaches,  analyzes  its  program  needs,  and 
allocates  resources  necessary  to  carry  out  learning  activities  needed  to 
achieve  the  goals.     Evaluation,  inherent  in  PPRS,  reveals  the  extent  to 
which  the  objectives  supported  by  the  allocated  resources  have  been  ach-- 
ieved. 

Through  the  consideration  of  alternatives,   the  nrocess  encourages 
innovation,  personnel  involvement,  and  nrogram  improvement.    The  total 
educational  endeavor  must  be  integrated.     The  line-item  concept  of  budget- 
ing must  be  replaced  by  a  new  way  of  thinking  and  of  allocating  funds.  Tf 
for  example  $15,000  is  budgeted  for  technical  assistants,  the  budget 
must  show  precisely  the  purpose  the  expenditure  will  accomplish.     Input  is 
determined  as  it  is  needed  to  nroduce  desired  output. 

The  computer  is  an  essential  ingredient  in  the  prograort  planning  bud- 
got  process.     Its  capability  to  cam/  out  alternative  sets  of  comnutations 
rapidly  provides  the  core  for  decision  makinq.     Since  the  PPBS  process  re- 
quires many  people  in  the  organization  to  be  conversant  with  obiectives, 
programs,  and  program  costs,  the  outnut  generated  by  the  computer  provides 
a  clean  communications  link  between  every  level.     Also,  it  is  well  to  note 
that  program  planning  budget  systems  require  a  considerably  greater  amount 
of  data  than  do  traditional  budgets.     The  computer  with  its  data  storage 
capabilities  and  rapid  retrieval  abilities  serves  a  very  useful  purpose  in 
the  management  of  this  dimension  of  PPBS.    The  very  future  of  PPBS  denends 
on  the  ability  of  organizations  and  schools  to  make  use  of  computers  and 
their  capabilities. 

PKRT.     Program  Evaluation  and  Review  Techniques  has  received  widespread  at- 
tention in  government  and  industn;.     It  appears  that  there  may  be  applica- 
tion of  PKRT  to  educational  problems  and  activities  of  a  varied  nature, 
including  school  construction,  research  projects  of  all  types,  and  budget 
planning.     Essentially,  PERT  is  a  management  control  technique  which  may 
or  may  not  bo  computerized. 

The  basic  procedure  is  to  establish  an  ordered  sequence  of  events  to 
be  achieved  (network  or  flow  nlan)  .     A«;sociated  with  each  event  is  one  of 
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throo  tine  estinatos;  optimistic,   most  likGly,  and  oossirnist  Ic.     Tho  tech- 
niqao  allows  for  probabilities  to  be  attached  to  reaching  intermediate 
events  and  tho  end  objective  on  schedule.     Thrr  probability  ir,  a  calcu- 
lation of  v;hat  people  think  about  the  future  and  not  a  calc\jlation  of  the 
future  itself. 

The  technique  is  further  refined  bv  additional  input  concerninn  oro- 
qres;';  toward  an  identified  objective  on  a  rpqular  time  basis.     The  three 
basic  outoiitrs  of  a  computer  PFRT  analvf^is  are: 

1.  The  exnected  tine  of  completion  of  each  event, 

2.  Thn  identification  of  slack  and  critical  areas  in  the  oroqrans. 

3.  An  exoression  of  the  probabilitv  of  equalinq  or  mootinq  the 
current  schedule  and  the  specification  of  the  latest  date  by 
which  every  event  must  be  completed  in  order  to  meet  the  end 
objective. 

Accordinq  to  Kaimann  (1967): 

educational  administrators  are  finding  increasinq  evi- 
den':e  of  these  control  techniques  anplied  to  construc- 
tion proje'^ts.     Alert  administrators  are  extendinq  the 
educational  application  to  include  those  larqe  nebu- 
lous research  projects  supoorted  by  qrant  funds,  A 
number  of  local  administrators  are  aoolyinq  PFRT  to 
small  but  essential  planninq  functions.     All  told, 
evidence  is  ran  idly  point  inq  tc/zard  a  wealth  of  ap- 
plications of  PERT  for  better,  more  efficierit,  and 
iT>ore  precise  administration  at  all  levels  of  educatio- 
nal administration,    (p.  243). 

i^J<P_M.     The  Kesour':e  Requirements  Prediction  Model  is  an  instructional  cost 
simulation  model  for  use  in  all  tynos  of  nost-secondarv  institutions  in- 
clvidinq  comn\mity  colleqes,  vocational  schools,  and  larqe  and  small  four- 
year  institutions  with  or  without  major  research  activities. 

DeveloTjment  of  the  PRPM  at  the  National  Center  for  lliqher  Education 
:Vina':enent  .Systems   (MCHKMS)  ha-^  been  a  lonq  and  arduous  process.  Many 
oxoerimental  prototypes  wrjre  developed  alonq  the  way;  many  concepts  were 
tried  and  evaluated.     The  latest  RRPM  version   {RRPM  1.6)  has  resulted  from 
the  work  and  contributions  of  many  pooole  over  the  past  several  years. 
The  model  is  suonorted  by  the  V/estern  Interstate  Coiamission  for  Higher  FA- 
ucation  (WIQfK) . 

The  concent  of  cost  simulation  in  hiqher  education  has  received  con- 
sifler.il^le  attention  over  the  oast  several  vears.     A  primary  purpose  of 
PRPM  is  to  qenerate  information  necessary  for  the  orenaration  of  instruct- 
ion<il  oroqram  buiqets.     Institutional  data,  either  historical  or  nrojected, 
may  b'l  put  in  the  model.     RPi'M  calculates  nroqram  cost  information  and  re- 
source requirements  needed  to  undertake  a  qiven  series  of  proqrams. 

Another  ouroose  of  RRPM  is  to  nrovidc  institutions  witli  a  flexible 
tool  to  analy^e  various  institutional  alternatives  for  utilization  of  a 
limited  set  of  resources.     The  model  has  been  desiqned  as  a  lonq-ranqe 
nlanninq  tool  to  aid  hiqher-lovel  manaqement  in  ranidly  determininq 
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tesiource  implications  of  alternative  policy  and  planninq  changes.  Fn\- 
nloyin<7  tho  modol  in  this  Gxnerimental  mode,   the  U3er  naay  a^ik  a  scrips 
of  "what  if*  qvtestions  related  to  admission  policies,  curriculum  chanqes, 
etc . 

For  those  institutions  with  the  analytical  and  proqrammini  capability 
RHPM  provides  a  point  of  departure  for  their  own  modelinq  efforts*     It  is 
hoped  that  RRPM  is  sufficiently  flexible  to  permit  adaptation  to  specific 
institutional  requirements  without  modification  of  the  comouter  programs. 
However,  some  institutions  will  want  to  change  the  format  of  reports  or 
other  items.     Toward  this  end,  the  model  has  been  constructed  with  a  modu- 
lar scheme  that  makes  modification  of  reports,  etc. ^  relatively  convenient. 

RRPM  l.G  generates  four  different  types  of  reports,  any  or  all  of 
which  may  be  requested  by  the  user.     These  types  are:     1)  organizational 
unit  reports  providing  line-^item  budgets  for  various  organizational  units 
within  the  institution,  2)  program  budget  reports  indicating  the  disci- 
pline or  department  contributions  to  various  instructional  programs,  3) 
institutional  summary  reports,  and  4)  formatted  display  reports  that  show 
all  parameter  data  for  the  institution. 

computers  in  Counseling 

Counselors  in  our  schools  need  comprehensive;,  accurate,  and  up-to- 
date  d^.ta  if  thev  are  to  be  effective  in  assisting  students  to  make  de- 
cisions.    Many  times  the  data  is  needed  immediately  to  capitalize  upon  a 
critical  moment  in  the  counseling  session.     New  means  of  collecting,  nro- 
cessing,  and  accessing  information  have  been  developed  in  the  past  few 
years.     It  is  becoming  evident  that  the  computer  can  contribute  signifi- 
cantly to  the  general  area  of  guidance  and  counseling.    Computers  can  store 
information  concerning  vocations,   careers,  and  college  admission  require- 
ments in  addition  to  storing,  organizinq,  calculating,  analyzing,  and  out- 
putting  data  into  a  meaningful  form  for  both  the  counselor  and  student. 

The  role  of  the  counselor  varies  from  district  to  district  and  school 
to  school.     In  many  school  situations,  the  counselor  is  a  giver  of  infor- 
mation and  is  not  a  trained  person  in  handling  motional  and  psychological 
problems.     If  all  counselors  were  trained  in  the  latter  area  and  fulfilled 
that  role  in  the  school  system,  the  computer  could  certainly  be  integra- 
ted into  the  system  as  the  preliminary  information  giver  in  the  area  of 
careers,  requirements,  test  results,  etc.     flowever,  it  may  not  be  too 
long  before  the  computer  and  the  student  may  interact  concerning  personal 
problems  which  the  student  may  not  wish  to  discuss  with  the  counselor. 
This  type  of  program  is  for  the  most  part  still  experimental,  an  example 
being  KLIZA,  developed  at  M.I.T.  in  1966.    This  program  permits  certain 
types  of  dialogue  between  human  and  computer*     The  interactive  dialogue 
between  human  and  contputer  is  a  key  area  of  research  in  the  field  of  arti- 
ficial intelligence,  and  is  also  important  in  computer  assisted  instruc- 
tion. 

Present  Systems  for  Vocational  Guidance*     The  U.S.  office  of  Education  re- 
po^-ts  (1960)  several  systems  in  the  planning  or  implementation  stage. 
Those  reported  at  that  time  were: 
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The  Harvard-'Moefis-ncwton  Information  Systera  for  Vocational  Decisions 

Tho  inM  Fxperimontal  Pducational  and  Career  Kxnloration  Center 

'V\\e  Amorican  Institutes  for  Research  Comnrnhonsive  Vocational  OUfl- 

anco  Systom 
The  SDC  Vocational  Counseling  System 
The  Rochester  Career  fluidanco  Project 

The  Pennrylvania    State  University  Computer-Assisted  Career  F.xplora- 

tion  System 
The  University  of  Oregon  GUIDPAK  system 

The  Willowbrook  Computerized  Vocational  Information  System 

The  Palo  Alto  Computer-Dased  Course  Selection  and  Counselinq  System 

The  Bartlesville  Total  Guidance  Information  Suoport  System 

All  of  the  above  systems  include  programs  involvinq  information  retrieval. 
Computers  excel  at  this  task  and  complete  the  job  faster  and  more  objectively 
than  any  other  method.    A  complete  (ideal)   system  should  provide  four  main 
support  benefits  for  the  counselor: 

1<     Instant  information  to  support  the  counselinq  interview* 
?.     A  rapid  diaqnostic  capabilitv  which  eliminates  human  time  in 
sear^!iing,  calculating,  interpretinq  and  analyzing  data, 

3.  Instructional  type  capability  to  provide  information  to  students 
in  a  vast  number  of  areas. 

4.  A  synthetic  confrontation  therany  dialogue  for  those  students  who 
prefer  to  have  a  non-human  entity  listen  to  these  personal  problems* 

Since  its  beginning  the  University  of  Oregon  GUIDPAK  system  is  widely  used 
in  Oregon,  and  is  representative  of  what  can  bo  done  in  this  field.  Since 
its  beginning,  its  name  has  been  changed  to  C.I.S.   (Career  Information 
System),  and  will  be  referred  to  henceforth  in  this  section  as  C.I.S*  The 
project  was  funded  by  the  Manpower  Administration  of  the  Department  of 
liabor  in  1969  to  help  solve  the  problems  that  vocational  guidance  counsel- 
ors are  faced  with  today,     C.I.S.   is  a  statewide  agency  which  provides 
current  lal>or  market  information  to  schools,  social  agencies,  and  individu- 
als   in  Oregon,     The  system  is  both  computerized  and  non-computerized.  The 
members  of  C.I.S.  include  the  Oregon  State  Roard  of  Fducation,  Oregon  r^mploy- 
mcnt  Division,  Community  Colleqes,  Intermediate  Education  Districts,  local 
school  districts,  and  both  state  universities. 

The  system  provides  the  labor  market  information  to  the  individual 
in  a  number  of  ways.     A  questioni aire  is  one  of  the  main  features  of  the 
system.    This  questionnaire  is  available  in  a  computer  program  or  in 
needle  sort  deck  cards.    The  questionnaire    helps  the  students  explore  oc- 
cupations related  to  their  self-assessed  interests  and  abilities. 

Another  feature  of  the  system  is  the  occuoational  descriptions,  '^his 
is  a  brief  summary  of  each  occupation  in  the  system,  including  current  local, 
state  and  national  labor  market  information.     Other  features  of  the  system 
include  educational  and  training  information,  bibliographv  and  books,  cas- 
settes, and  names  of  local  people  available  to  discuss  their  occuoations 
with  interested  individuals. 

CI.S.   is  currently  available  in  most  hiqh  schools  and  junior  hiqh 
schools  in  T^ine,  Coos,  and  Curr^/  Counties.     C.I.S.  is  also  available  in 

ERIC 


VILA. 11 


some  (^f  the  schools  in  Multnomah  County.     It  in  pro-jectod  that  noxt  yoar 
r.I.S.  will  he  used  by  100,000  students  in  Oreqon.     C.I.S.  is  in  tho  nro~ 
cofls  of  setting  up  its  system  In  Jackson  and  Josephine  Counties. 

For  complete  details  about  C*1.S,,  write  to  Bruce  McKinlay,  niroctor, 
Career  Information  System,   247  !!endricks  Hall,  University  of  Oreqon,  Fu- 
gene,  Oregon  97403. 

Although  it  is  doubtful,   in  fact  not  even  desirable,  that  tho  computer 
will  replace  the  teacher,  the  administrator  or  the  councelor,  it  may  cer- 
tainly change  the  roles  of  all  educational  personnel.     Thus,  all  educators 
may  be  able  to  allocate  their  time  and  resources  to  more  effective  communi- 
cation with  one  another  and  certainly  to  more  interaction  with  students 
in  our  classrooms  and  schools.     Specifically,  the  computer  may  allow  tho 
counselor  to  make  better  use  of  his  listening,  empathetic  and  re  lectivo 
skills . 

The^  Future 

In  any  area  of  endeavor  involving  the  computer,  we  are  limited  )>v  our 
own  imagination  and  creativity.     Is  it  possible  that  in  the  future: 

1.     Fvery  administrative  decision  will  be  computer-assisted,  and 

that  many  decisions  will  be  totally  computer  made? 
2*     Administrators  will  be  supplied  with  a  school  information  nacket 

that  contains  the  accumulated  knowlodqe  of  many  regarding 

learning,  teaching,  and  administration? 

3,  An  administrator  will  be  able  to  provide  data  to  a  computer 
as  he  does  now  to  a  secretary  or  dictaphone  ind  receive  out- 
put consisting  of  alternatives  with  cost/ben<., 'it  analyses  and 
a  recommended  decision? 

4,  Computer  s/stems  will  be  able  to  output  warnings  on  potential 
problem  areas  such  as  staff  conflicts,  material  shortages,  student 
undcrachicvement,  curriculum  problems,  evaluative  crisis  on 
innovative  programs? 

These  questions  and  many  similar  ones  ^ave  already  been  partially  ansvorori 
by  researchers.     Perhaps  the  most  ambitious  project  concerning  computer 
simulation  in  long-range  planning  of  complex  educational  svstems  is  the  Asian 
rducational  Model   {see  bibliography).     This  model  was  developed  in  lOGG 
by  two  staff  members  of  mESCO  working  with  five  Asian  consultants  at  thn 
TrtiESCO  Regional  Education  Office  in  Bangkok.     The  function  of  the  model  is 
to  forecast  and  simulate  educational  svstems  at  any  given  point  in  the 
near  or  distant  future.     The  model  serves  as  a  tool  to  be  used  bv  educational 
planners  to  demonstrate  instantly  the  implications  of  any  quantifiable  change 
in  the  educational  system  or  in  any  factor  directly  Affecting  it.  Examples 
include  the  implications  of  such  decisions  as:     introducing  compulsory 
education,  changing  the  pupil-teacher  ratio,  altering  the  level  of  teachers* 
qualifications  or  their  salaries,  changing  a  government's  manpower  needs 
or  revising  the  amount  of  gross  national  product  devoted  to  education. 

A  total  of  280  questions  covering  the  most  important  elements  of  As- 
ian educational  systems  were  framed  in  algebraic  equations  and  fed  into 
the  computer.     These  questions  concerned  different  educational  patterns 
and  specific  situations  at  all  levels,  in  each  vear  until  1089.  Given 
necessary  data  (which  admittedly  are  projections  in  manv  long-term 
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f or<»c.v>t,s)    it  is  nns^siMr;  to  f\ftt  a  oic^^u■e  rofloctinq  in  nurMj;tirs  what  thn 
fvlurrat  ional  .systen  will  ho  liko  at  .inv  lovol,  at  any  qivon  date,  and  in 
any  tyno  of  qrado  or  r,chool.     It  can        learned  what  school  enrollments 
are   likolv  to  bo  at  different  levels  in  any  future  date,  qiven  certain  con 
(Utiono.     If  a  country's  target  is,   for  examolo,   100,000  pupils  graduating 
fron  secondary  schools,   the  model  can  tell  educators  what  will  be  needed 
on  a  fTuant i tatlve  basis  to  bring  this  about  —  teachers,  primary  school  in- 
take, caoital  investment  in  school  buildings,  equipment,  etc.     The  model 
predicts  various  situations  on  the  basis  of  given  educational  hynotheses, 
and  it  can  also  show  what  must  be  done  to  alter  these  hypotheses,   if  neces 
sarv,  to  achieve  a  desired  result  and  situation. 

An  exannle: 

A  country  may,   for  exajnple,  wish  to  know  now  what  the  size 
of  enrollment  in  the  third  year  of  a  university  science  de- 
oartment  will  be  in  1978.     The  answer,  as  worked  out  in  less 
than  a  minute,  would  have  to  take  into  account  such  factors 
as:     the  number  of  children  born  in  195R  and  who  survived 
till  the  ago  of  six  when  they  presumably  entered  first 
grade  of  primary  school;  the  proportion  of  all  six  year 
olds  entering  first  grade  in  1964;  the  proportion  continvi- 
ing  through  nrimary  school  from  grade  to  grade;   the  pro- 
portion entering  secondary  school  and  their  distribution 
among  various  tynes  of  specialized  education;  the  proportion 
continuing  on  from  grade  to  grade  in  secondary  education; 
the  proportion  entering  higher  education  and  their  distri-- 
but ion  among  various    branches  of  study;  and  the  proportion 
continuing  through  higher  education  until  1070  (p.  122). 

However,   in  considering  such  a  problem,  the  determining  proportion 
mentioned  above  are  in  themselves  influenced  by  such  educational  factors 
as  the  availability  of  schools  and  the  efficiency  of  the  educational  sys- 
tem itself,  as  v/ell  as  by  changing  demographic  situations,  social,  poli- 
tical and  economic  reguirements  and  constraints.     The  UNESCO  team  believes 
that  thn  model  can  be  applied  to  educational  svstems  in  all  areas  of  the 
'ATDrld  at  a  considerable  saving  of  time,   labor,  and  cost. 

\  r>nal  Note 

The  emnhasis  throughout  this  article  has  been  possible  administrative 
uses  of  comnuters  in  education.     We  have  not  discussed  the  role  of  the 
school  administrator  as  the  instructional  leader  in  his  school.  However, 
the  school  administrator  is  generally  the  kev  figure  in  deterriininn  the 
nature  and  extent  of  any  major  instructional   (curricular)  change.     Thus  if 
conT>uters  are  to  have  a  significant  impact  upon  instruction  it  is  imoera- 
tLve  that  school  administrators  learn  about  the  ooss ibilities ,   the  impli- 
cations, and  the  f)roblems.     The  modern  school  administrator  need  not  be  an 
exoert  in  the  field  of  computers  in  education--but  it  is  highly  desirable 
that  he  be  more  than  a  novice. 
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Resourcns 

A(|onc:ics,   counoiWi,   aiui  o rqani /a I  i  ons  avcji  lahle  to  tho  administralor 
lor  i  ufot'xnatiun  and  tissisLancc   in  OrrKjon. 

f:ASi:A  -  Center  for  the  Advanced  study  of  F-lducat  ional  Administration,  Uni- 
versity of  <)raqon,  l^ugono 

CIH      -  Career  Infomation  System,  Unrvorsitv  of  Orecjon,  Eugene 

ERIC  ~     Educational  Research  Information  Center,    (Administration)  Univer- 
sity of  Oregon,  Eugene 

NWRKL  -  Northv>rest  Regional  Educational  Laboratory,  Portland 

OAEDS  -  Oregon  Association  of  Educational  Data  Systems 

OCCE  -     Oregon  Council  for  Computer  Education 
Dr.  Tim  Kelly,  President 
Soutliern  Oregon  College,  Ashland 

OMEC  -     Oregon  Mathematics  Education  Council 
3  25     13th  Ave.   N.H.,   Unit  20  3 
Salem,  Oregon  97301 

cms  -     Oregon  Total   Infomation  Service,  Eugene 


m  addition  to  the  above  resources,   information  can  be  obtained  from: 

Intermediate  Education  Districts 

State  Department  of  Education 

Deans,  Schools  of  Education 

University  and  College  Computing  Centers 

State  and  national  associations  of  principals,  superintendents 
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by  ^MVc  Hunlap 

Introducing  eo^Tiputcrs  into  school  administration  or  school 
currtciilurn  represents  a  chanf,e  fron  the  status  quo.     The  impetus 
for  such  a  change  can  come  from  above   fthe  state,  schoo]  board, 
superintendent)  or  below  (parents,  teachers,  students).  The 
school   administrator  is  caught  in  between  and  is  often  the  key 
individual   in  deciding  what  will  be  done  and/or  the  success  of 
the  activity. 

Teachers  and  administrators  in  Oregon  who  are  already  involved 
in  use  of  computers  in  education  have  often  discussed  among 
themselves  what  it  takes  to  get  wider  acceptance  and  usage  of 
computers.     They  generally  come  to  the  conclusion  that  tfic  school 
administrator  is  tlie  key  individual.     Thus  there  has  been  con- 
siderable support  in  tlic  past  few  years  for  efforts  to  organize 
and  present  computing  workshops  to  school  administrators.  The 
author  of  this  article  has  been  involved  in  several  of  tlese 
workshops,   two  of  whic!>  were  during  the  late  summer  of  197?1. 
The  ideas  presented  here  proved  useful   in  such  activities  and 
led  to  successful  workshops. 

^  ''workshop"  might  be  a  few  hours  in  length,  or  several 
days.     The  length  of  time  availal>le  will  have  a  considerable 
effect  upon  the  nature  and  goals  of  the  workshop.     The  out- 
line given  later  in  this  article  served  as  the  basis  for  a 
successful   three  hour  segment  of  a  workshop  that  ran  for 
several   davs   (the  remainder  of  the  workshop  did  not  involve 
the  computer  field). 

In  the  next   few  paragraphs  we  will  present  eight  steps 
that  one  should  consider  following  when  planning  and  presenting 
a  workshop.     These  tend  to  hold  no  matter  what  the  subject 
matter  or  audience. 

I  I  GUT  STi.rs  TO  A  snccrsspri,  workshop 


A5  one  plans  a  workshop  for  administrators,  he  must  keep 
in  mind  the  importance  of  his  task.     The  administrator  needs 
to  become  familiar  with  the  use  and  application  of  the  computer 
in  the  school  without  h.^ing  turned  off.     The  workshop  should 
strike  a  balance  between  exciting  the  administrator  and 

overstimulat ing  him.     It  should  concentrate  on  those  areas 
which  are  of  greatest  importance  to  the  admini strator- - 
curriculum  a.ui  finance. 

The  following  eight  steps  are  useful   if  you  are  planning 
a  lull  f -day  workshop  or  a  three  day  extravaganza.     The  key  point 
in  tl;c  process  is  PKANNIxn! 

1.     [determine  who  the  audience  actually  is.     What  is  the  back- 


ed of  the  attendees?  Ho  they  have  computer  facilities? 
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Are   they  hostile  or  do  they  accept   the  use  of  computers  in 
eciiicntion?     Is  tbeir  major  interest  curriculum  or  budpet? 

2.     (lojnmit   to  pajier  your  j^.onls  and  ol\i  (»ct  i  ve  s  .     If  one  can^t 
provide  a  specific  set  of  desired  outcoires   for  a  workshop, 
then  mayhc  there   is  no  inirpose   to  the  workshop.     Ask  yourself: 
Why   is  tlie  workshop  being  held?    Wliat  are  administrators  ex- 
pected to  know  when  tl^cy  are  done?     Uo  we  want  to  change 
attitudes?     What  attitudes?     Pe  certain  tl^at  ♦'he  the  p.oals 
and  ohjectivcs  are  on  paper  so  they  can  he  refr^rrect  to  and  up- 
dated as  planning  continues, 

7> .     l^etermine  what  specific  topics  need  to  he  presented*  The 
material   actually  presented  at  a  workshop  should  he  designed 
to  meet  the  goals   and  objectives,     Fach  topic  should  contribute 
to  the  overall   impression  you  \s'ant  to  leave  in  tl^e  minds  of 
the   admi  ni  St rators  . 

4,  Potermine  the  most  logical  and  appropriate  schedule  of  pre- 
sentation. Be  certain  that  in  the  presentation  tl'Ot  ideas 
flow  in  a  logical  order,  thnt  m^Jor  points  are  built  out  of 
minor  points,  and  that  the  pacing  of  t)ie  material  is  appro- 
j)riatc  to  the  audience.  Tor  example,  he  certain  tl)at  tliere 
is  not  too  much  or  too  little  demonstration.  Rememher  that 
sliort  activites  with  variation  work  better  tlian  long-winded 
present  at  ions  . 

before  the  session  or  presentation  legins,  get  to  );now  your 
audience.     Ask  each  person,   if  possible,   to  .rive  his  name, 
tell   of'  his  special   interest,  where  lie   is  from,   and  what  h  i  *^ 
job   is.     This  acitivity  accom]^  1  i  slie  s  two  roals,     First,  it 
Permits  the  administrator  to  say  something  a!>out  himself  and 
therefore  he   feels  a  bit  more  comfortable.     Second,    it  permits 
you  to  sec  how  well   your  audience  matches  the  projected 
audience.     At  this  time  you  must  he  ready  to  make  last-rainute 
ch.anges   in  the  program  that  best   fit  the  needs  of  the  audience . 
If  you  were  expecting  mo<=tly  principals  and  you  end  un  viith 
mostly  counselors,   then  you  might  want  to  emphasize  the  use 
of  computers   in  counseling  more  than  originally  planned,  and 
de*emphasize  some  other  topics. 

f> ,     The  presentation:     The  presentation  is  the  most  visible 
part  of  the  entire  workshop.     Pven  if  the  other  planning  has 
l^een  done  carefully,   it  is  still  possible  to  fail  here.  Here 
are  tv;o  important  suggest  ions : 

al     (let  the  very  best  speakers   to  deliver  your  talks;  ones 
who  are  the  most  interesting  and  have  the  widest  back- 
grounds, 

h)     Be  certain  that  the  mode  of  presentation  is  appropriate 
to  the  group.      In  the  metropolitan  Portland  area  administra- 
tors might  like  a  very  formal  presentation;  but   in  eastern 
Oregon  they  miglit  appreciate  a  down  home  chat. 

7.  r.valuate  the  workshop.  This  consideration  is  linked  to  the 
development  of  goals  and  objectives.     You  know  that  you  ac- 


V I .  n » 3 


complished  something  if  you  take  time  to  evaluate.     Tt  is 
importcint  to  consider  the  cvaluatuon  at  the  same  time  you 
develop  the  presentation.     Whatever  the  form  of  evaluation, 
it  should  be  specified  in  writing. 

8.     Document  what  you  did.     Administrative  workshops  are  he- 
cominp  more  and  more  important  and  frequent.     l>ocument  your 
work  and  make  it  available  to  others  so  that  every  workshop 
does  not  result  in  a  re-inv(?<n{:ion  of  the  wheel.    Other  people 
need  to  know  what  you  did;  share  with  them! 

A  PROFTLn  nr  a  snccr.ssFin.  workshop 

The  workshop  described  here  was  designed  for  a  group  of 
al^out  twenty  administrators  from  small  schools  in  eastern 
Oregon,     None  of  the  schools  had  computing  resources.  The 
time  allocated  to  the  workshop  was  three  hours,  and  was  part 
of  an  in-service  program  which  lasted  several  days.  Two 
people,  with  extensive  backgrounds  in  instructional  com- 
puting, were  selected  to  present  the  workshop  in  conjunction 
with  leaders  in  computing  from  the  local  college* 

PI anning 

Step  1:     The  two  speakers  allocated  three  hours  of  planning 
time  for  a  general  discussion  of  administrator  workshops  and 
the  needs  of  this  workshop. 

Step  2:     A  set  of  outcomes  was  developed: 

1.  Develop  awareness  of  available  instructional  materia=is 
and  support   facilities  for  instructional  use  of  computers. 

2.  Assist  in  development  of  "literacy"  about  the  computer 
and  its  use   in  the  educational  environment. 

7i ,     Provide  a  rationale  for  instructional  computing. 

A,     Convince  the  administrator  that  he  is  important  in  the 

development  of  instructional  computing. 

5.     Provide  some  suggested  steps  to  bring  about  the 

desired  change. 

Step  3:     Planning  for  the  workshop. 

A  listing  of  suitable  top:^cs  was  constructed  that  supported 
the  five  major  outcomes.     These  topics  w^ere  then  evolved  into 
a  presentation  sequence  which  resulted  in  three  presentation 
periods  alternated  with  three  demonstration  periods,  each  of 
which  was  limited  to  about  thirty  minutes. 

Step  '1:     r^evelopment  of  evaluation  forms. 
Step  5:     The  entire  plan  was  submitted  to  two  independent 
"experts"  for  their  comments  and  suggestions.     Some  revision 
was  made  to  the  plan  at  this  time. 


l*r(^s<*n  t  at  j  on 

'"rssion   I."     Till;  fist  scrsion  bop.an        dsI  inr,  cnch  pnrticinnnt 
to  iMv.^  h  1 V  or  l^er  nnmo  nn<l  position.     Tiic  snonVcrs  v:orc  t^on 
iiblc  to  dotcinnne  that  tho  avulieiu'c  ^'as  tlie  expected  one.  The 
next   .^n  minutes  u'ore  sncnt   in  cons  i  dor  i  ni*  sonic  l)asic  infor- 
ina t  i  on  : 

a)  Terininolony- -  the  terininolopy  necessrirv  to  \inclor  st  and 
confuiters   in  instruction  \vns  exnlainecl,  cicfincd,  and 
illustrated.      (Time sha  r  i  np  »  h;i  t  ch  process  i  hr  ,   t cl  etypo  , 
t  e  rm  i  n  a  1  ,   simulation,  e  t  c . 1 

1>1     A  profile  of  a  successful  nroiect*     The  Roj'ue  Valley 
Council    for  Comnnter  Iducntion  was  discussed  in  detail. 
The  talk   focused  in  the  dcA^el  onnont  ,  orj^an  i  zat  ion  ,  i^ro^ress, 
funding,,   nnd  support  of  the  l'\TrT,     Tliis  presentation  was 
dcsijincd   to  show  that  others,  in   far  parts  of  the  state, 
had  l)oen  successful    in  obtainin^^   instructional  computinf^, 
thronpji  the  conbined  efforts  of  a  j^roun.     The  stronp 
suj^^pestion  was  made  that  this  could  be  done  again. 

Activity  1:  After  30  minutes  of  presentation  it  was  time  to  break 
and  ci'anp.e  the  pace  of  tlie  worksliop.     This  periodic  break  main- 
tained  interest  at   an  oxtrcncly  ]\\^h  level. 

a!  A  tuandout  was  \iiver  eacli  worbshop  participant.  It 
contained  the  output  of  several    i ns t ruct ional ] y  oriented 
pror.rams.     One  was  presented   from  each  of  the  following: 
areas:   counselinp,  CAT,   simulation.     I'ach  propram  was 
explained,   and  t!ie  participants  allowed  to  select  one  to 
be  demons t r at cd . 

b)  The  narticL pants  then  went   to  the  demonstration  area 
and  V^ef,an  a   run  of  the  f'untinpton  water  pollution  study-- 

I'OLHT   fthis   is  the  topic  they  decided  would  most  interest 
them) . 

After  a  few  minutes  the  administrators  were  running  the 
terminal   themselves.     Ihrouphout  the  remaining  activity 
periods  the  administrators  ran  the  terminal  and  no  signi- 
ficant technical  assistance  was  needed.     This  ability 
to  run  the  machine  themselves,  and  their  ability  to  call 
up  and  run  programs,  helped  to  underscore  how  easy  the 
computer  is  to  use.     (Iven  though  we  were  about  as  far 
from  the  computer  as  we  could  be  and  still     remain  in 
Orepon,  Ma  Bell  performed  flawlesslv  in  maintaining  our 
lonp,  distance  connection.) 

The  participants  enioyed  the  time  with  the  computer  and 
tl;e  ability  to  move  about  the  room.     The  freedom  of  move- 
ment provided  an  opportunit>'  to  talk  one  to  one  with 
speakers.     kittle  discussion  groups  were  formed,  and  many 
of  tlie  outcomes  of  the  conference  were  carried  out 
i  n  forma  1 1 y . 

Session  2:     This  session  was  devoted  to  the  instructional  uses 
of  the  computer.     It  bep.an  By  discussing  the  major  areas  in 
instructional  computing:  computer  literacy,  (^AI,  CM!  ,  CALfCl  I), 
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proj^ramminR  and  occnpntional  counseling. 

a.  r.ach  of  the  major  ideas  in  instructional  computinj^.  was 
defined,  explained,   and  discussed.     With  each  idea  tl)e  speaker 
presented  one  or  two  examples  of  its  actual  use  in  the  school 
and  the  henefit  it  could  brinp;  to  the  instructional  prof;ram. 

b.  One  of  the  major  points  stressed  was  that  a  school  with 
a  small  budget  could  simulate,  on  a  computer,  many  of  the 
experiences  that  were  too  expensive  to  bring  directly  to  the 
students . 

c.  The  question  and  answer  period  following  t1io  presentation 
showed  that  the  administrators  desired  these  facilities  for 
their  schools. 

Activity  2:     The  previous  30  minutes  of  presentation  left  the 
administrators  anxious  to  try  out  some  of  the  programs  mentioned. 
They  seemed  to  have  a  special  interest  in  the  counseling  ability 
of  the  computer  and  spent  much  of  the  activity  period  exploring 
with  the  aid  of  the  Occupational  Information  Access  System. 

Session  3:     This  was  the  wrap  up  session.     It  attempted  to  tie 
together  all  the  information  that  had  been  dis^^usscd  in  the 
small   groups  with  the  information  presented  in  the  formal 
sessions.     One  of  the  key  points  concerned  wavs  that  this  p.roun 
could  get  started  in  instructional  computing. 

a.     Among  the  major  ideas  for  starting  an  instructional 
program  was  the  need   for  mutual  cooperation, 
h.     Source^  of  fu     ing  were  considered,  with  suggestions 
of  where  they  would  purchase  computer  facilities  or 
computer  tjme.     The  power  of  their  cooperative  ability 
to  obtain  finances  was  discussed  along  with  the  resources 
available  through  their  local   Intermediate  Fducation 
District . 

Activity  3:     The  last  activity  session  began  with  the  evaluation 
of  the  workshop.     The  participants  were  pleased  to  help  us 
evaluate  the  result  of  the  experience.     The  participants  were 
formally  excused  and  thanked  for  their  participation.  However, 
many  stayed  to  either  talk  in  small   informal  groups  or  to  run 
additional  programs  on  tho  computer  terminal. 

f  val  ua^tjon 

V.'hile  the  workshop  did  not  fully  n^ect   all  of  its  desired 
outcomes,  the  administrators  did:     develop  nn  awareness  of 
available  instructional  materials  and  ^nrnort  facilities;  they 
were  somewhat  more  literate  about   the  use  of  computers  in  in- 
struction; many  more  clearly  understood  ^  e  irportance  of  the 
administrator's  role  in  instructional   cn^  Futin.i^;  and  they  had 
several  workable  suggestions  as  to  ho\<  t^cv  could  get  started. 

In  general,  the  workshop  was  a  Sitcc^'^s*   Jhc  ultimate  success 
of  such  an  endeavor  is  to  watch  and  see  wliat  activities  happen 
in  the  future. 

SUMNfAF^Y 

In  this  article  we  have  discussed  the  importance  of  administra- 
t  ^  )rkshops.     Included  was  the  idea  that  the  administrator  is 
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:\  koy  nr'Tson   in   the    instructional   applicntion  of  t  he -comput  t 
I  i  j'Ja   steps  were  presented  which  lead  to  the  development  of  ri 
success ful  worVshop.     rinnlly,  n  profile  of  n  successful  work 
shop  w:is  p.iven.     That  worksliop  was  developed  usinp.  the  eipht 
st(^ns  outlined   in  this  article. 

Tl)e   importance  of  administrator  workshops  cannot  bo  dis- 
counted.    The  key  idea  in  tho  development  and  execution  of 
such  workshops  is  PLANNING! 


vn  .c.  L 


Section  C:     Abstracts  of  related  articles  for  chapter  VII 

2  Public  Relations,  Computei^s      election  Planning 

3  Beware  of  False  Gods 

4  The  Promised  Land  of  the  Comouter 

5  Computer  Aided  Operation  of  Cooperative  Education 


'Total   Information'   for  Oregon's  Schools 

7  Improving  the  Kducation  of  Migrant  Children;MSRTS 

B         Thf*  Principal,  the  Comouter,  and  Dner^rinq  Applica- 
tions to  Instruction 

9         A  Rationale  for  the  Kmployment  of  Systems  Analysis 
as  an  Aid  in  the  Management  of  Public  Schools 

10         What*s  Involved  in  This  Educational  Information 
System? 
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'"  al'jlii:  Rolat  ions ,   CoiTi^ntt  ors  and  l\l_cct  ioj-j  ^J'^^f^iHiq 
-m,'1k)oL  ■•!anaqomont. /  October,   .1971   I'aqes  .M~2*/) 

v.liaf  dOGS  it  take  to  pass  a  school  financlaj  rn*.MG\iro  and  hov;  can  v,' 
;  rcdict    tiio  outconio  of  the  election?     Iliii^i   is:;ue  i^^  ol  vital  impo7*ttUir;. 

sc-ho'-)]  liistrlcts  throughout  the  nation,  if  v;o  are  to  inainteiin  pul>lir: 
•;:hctd:j  vi  functional,  institution  in  our  so^i,^ty.  i^y  inteqratinq  'joo  i 
f'Ul) ]  ic  rf>lations  and  computoi*  j^cionce,  the  I<'(n-hester  (ilichigan)  r'ormiuim  tv 
'wIiodU.  havi>  developed  a  plan  of  action  that  ir"icrease:i  the  chance-/*  of  fav 
orable^  election  results  and  involves  tV\e  community  in  school  support  1)^^"- 
qranis.  '^'liis  n.odol  could  provide  insights  for  other  r^chool  districts  nre- 
;  arinq  to  ao  to  the  polls. 

IiiiMic  relations  exports  recorniize   tliat  there  are  many  different  "ivah 
in  a  i^chool   cornTivini  ty .     Two.  cv:)raputer  provides  us  with  a  fool  to 
I'leritify  and.  isolate  each  "piUolic"  rapidly  for  isetter  election  planning, 
i ^ r. •  ?   I !  1  {  c> rm a t i o n  found  in  voter  r e g i s t r a t  i o n  r e >: o r d s   is  key  punched  into 
d.ita  cards:     nainos ,  acid  r  ess,   city,  sex,   ages,  el  omenta  r"y  attendance  area, 
ja-r>cirict   and  voting   frequency  of  even/  regJ  st.ercf]  v,)t  e^'  in  the  district  . 
"he  fonrunity  is  sorted  into  "yes"  and  "no"    iroups,   an<i  the  coinnuter 
i  rintouts  clearly   indicate  the  nuiaber  of  "yes"  voters   in  the  district. 
v:ith  Mu'i  anfomation  a  campaign  can  hi'  geared  to  qnt  thv  nece^isary  nup?- 
b^n-  i}\    "yes"  voters  to  the  polls. 

U\  tiio  l-'ochesVor  dis^irict:,   v  >rv*-fM  e  *  M:  i  on  datfi   indicated  t.Vuit  na  jor 
su::::()rt  ^vould  coiK^  from  three  specif !<■  grcnU'S:      I)    '-r^^^chool    and  fdeJ'"rr)- 
t  .ity  pciMstts;    2)    district:  employees;    n    r;ducators    living   in  the  di^;trict 
ijut  work  i  fig  '^utsirie  the  district.     'iVelvr^  hun(h"r;d  f:«cof)le   in  tlie  pre- 
i  .  f  I  o  )  i  ,;ind  e  I  omen  t  a  ry  [  nib  Lie  we  re  r  eg  i  s  te  red  bu  (,  h  ad  no  t  vo  te  rl  i  n  any 
:-':iio:)l  electi^)n   in  the  rjast  five  years.     Special  caiu)aign  literature  v;as 
d^■v^■  ]  o:  .v^^i  for  tins  particular  <jrouT:^  rtnd  an  all-out  effort  v;as  rrvide  to  -  :-t 
.ill   the  liori- rf.Kji  s  tered  voters   m  this  group  rc^gistered.     After  the  reri.s- 
trarityn  deadline  passed,   the  computer  vas  again  used  to  index  and  ur:*-date 
the  inforruition  on  each  voter  for  future  retrieval  ctnd  analysis.  From 
these  printouts  carre  the  infonnation  t}iat  led  to  tlie  organization  of 
election  groups  to  insure  face  to  face  contacts  with  potential  "yes" 
i  ters  , 

el'^ction  day,   noil  watchers  were  furnisiied  an  alphal^et ical  "yes" 
filr   by  nrecinct.     As  voters  api:earGd,   their  nanes  wore  checked  off  if 
they  were  on  the   "yes"   file;   otherv;ise,    they  were  counted  as  a  "no"  vote. 
"■;e  results  were  called  in  hourly  and  a  comparison  was  made  against  pre- 
•'lous  votin  j  f re.niencies .     This  gave  an  up-to-date  analysis  so  that  last 
: -1 1  nu  t  e  s  t  r a  t  e g i  e s  cou  1  d  be  en-ip  1  oy ed .     Th e  election  turned  ou  t  a  success, 
'••it-i  the  almost  unlimited  capabilities  of  the  comoucer  in  analysis  of 

ita  rhe  a  lrunistrator  can  plan  a  campaign  directed  to  the  people  most 
lik-iy   to  pass  a  school   issue.     The  community  is  willing  to  v;ork  harder 
'hen  sucbi  i li fonnat ion  is  available  and  there  is  some  assurance  of  success 
and  the  success  itself/   tends  to  bring  about  better  piu:)lic  relations. 


baui   S.   Ash down 
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r^orkin,   l^lward  Paul 
Bcwat-e  of  False  rods 

'Iho  r,d\icational  F>i9ost,    (.lanuiry  107]), 
rM<je54  2  7-20 

Tho  titlo  of  thin  article  states  the  position  of  the  author.  'i'ochno- 
\oqy  has  onfcorod  the  realm  of  the  behavioral  sciences,  and  guidance  per- 
sonnel have  accepted  it,  or  as  the  author  feels,  overaccepted  it.  He 
Ceels  that  counselors  sliould  approach  this  new  technoloqy  with  a  great  dn- 
qree  of  caution.     Man's  preoccupation  with  technology  has  led  to  many 
probloiTis.     We  have  become  far  too  materialistic.     The  TJSOE  subcommittee 
report  on  easing  tensions  (1969)   said  that  technology  was  either  directly 
or  indirectly  the  cause  of  most  conflicts  between  schools  and  students. 
The  report  further  stated  that  the  most  conMuon  reasons  cited  by  students 
for  causing  conflicts  were  (1)  dehumani/^ation  of  society,   (2)  inequitable 
distribution  of  wealth  and  power,    (3)    irrelevance  of  education  and  (4)  cul 
tural  exclusion.     The  author  feels  that  guidance  personnel  should  work 
toward  solving  those  problems. 

To  solve  these  and  most  other  problems,   some  guidance  people  feel 
that  all  they  have  to  do  is  to  get  their  hands  on  a  comouter.     The  author 
wonders  if  it  is  proper  to  use  technology-~the  thing  he  feels  directly  con 
trihuted  to  the  formation  of  these  problems--in  the  solving  of  these  prob- 
lorpis .     Ho  is  afraid  that  too  much  hope  is  being  placed  in  technology  and 
therefore,  not  enough  human  effort  is  going  into  the  solutions. 

This,  he  says,  does  not  moan  that  guidance  technology  should  be 
eliminated,  but  rather  that  it  should  be  considered  as  only  one  tool  to 
help  with  guidance  problems.     Tlierefore,   it  appears  that  the  question  is 
not  whether  or  not  to  use  guidance  technoloqy,  but  how  to  best  use  it. 

i(e  lists  the  following,  which  he  feels  are  limitations  of  guidance 
technology : 

1.  Computers  can  provide  speedy  retrieval  and  manipulation  of  data, 
})iit    cannot  deal  with  complex  human  problems. 

2.  Computer  hardware  (the  machines)   are  now  in  a  very  advanced 
stage,  but  the  software   (the  programs),   with  respect  to  their  aopMcations 
are  still  in  a  very  beginning  stage.     Adequate  software  for  guidance  has 
just  not  been  developed. 

3.  There  are  many  interesting  packages   (canned  programs)  provided 
by  different  manufacturers,  but  as  long  as  those  packages  are  being  pre- 
pared by  businesses  whose  only  motive  is  profit,  users  of  these  packaaes 
are  not  getting  the  best  packages  for  their  individual  situations. 

4.  Most  counselors  lack  adequate  training  in  how  to  use  these 
tcchnoloqical  innovations.     Because  of  this  lack  of  training,   the  techno- 
lorr/  available  is  being  aibused. 

In  summary,   the  author  does  not  feel  that  the  technoloqy  available 
should  not  he  used,  but  rather,  ve  should  be  cautious  v;hen  we  use  it,  and 
not  use  it  just  })ecause  it  is  available.     He  also  feels   that  the  techno^ 
Logy  is  aliead  of  our  understanding  of  how  to  use  it.     Of  course,  if 
this  technology  is  not  handled  properly,    it  is  the  student  who  suffers. 

John  Shirey 


IkMiiniii  11,   11.  David 

rn'ii)cAT7()x~T:v:\A7)A ;  VoItttt  n  /  rr  w .  i ?  -  so 

"Tiic  ranid  g7-o\slh  of  l:I)P...is  Iiaviiii'^,   :nul  will  coiitiiUK' 
1  {^i  !i;jvr,  a  great    imi^'ict  on  all    t)u)sr  assor^'i^rd  v/jlh  ('(iuca  I  i  <  >/;  . " 

i\ Umi'.po  ra  t'v  t  ccfiiu)  1  o  iias  V(M*\'  h  i  yj\  T'Otenf  Iti!  Tnr  the  iiiv^aiv- 
nuait  of  tHlucati(in,  but  educational  ori^a  n  i  :a  1  i  oiis  have  boon  'Mow 
to  adopt  tlio  C(|u  i  i)iiion  t  and  tochni(|Ucs  of  our  t  c^chrio  1  o^^J  ca  1  ar^e. 
Ueoausc^  of  its  vorsalit)",  t  ho  coinputor  lias  a  very  hij^h  uiili;:a- 
t  ion  MO  t  cn I  i  a  1  . 

liiis  article  is  aJa]U  od  from  a  jvipor  lU'osoiited  at  a  con- 
I'cM^oiKO  on  computors  held  at  Yorl  University,  in  1970.  It  is 
divided    iPito   two  major  dimensions: 

ill     Tic  S>stcm  hleincnts:     The  major   input   elements  consid- 
ered were  cciu  i  foment  and  i^erson- 
nel.     The  major  outiuit  elements 
v;ere  ojuM'ations  or  service  {^vo- 
vided,   divided  as:      fa)  lUisiness 
mana  j^emen  t  ,    (  h  )   Tcluca  t  iona  1   man  - 
aj^ement  ,    !c)    1  n  s  t  rue  t  i  on  a  1  inan- 
a).u^ment,   and    (J)   otluM*  s(*rvices 
not    inc!uil<Hl    in   t       other  thro(^. 

(    )      St.ij'.cs   of   Dc/ve  1  ()  pnion  I  :      (a)    P  1  a  n  fi  i  i  s  i',  ,    (b)    Devo  1  o  p  i  n^',  , 

a  lul   (  c  )   Thu-  ra  t  i  uy^ 

!  iisit  of  ten  jM'ovinces  pa  r  t  i  c  i  r>a  t  (h1  in  the  survey.  '^Tho 
I  a  !ui  I  a  t  i  o!!  .  .  .  show  ed   tliat    the  t;reatost    increase  has  come  \n 

ria  i  1    (Tower   llr^n    10,'.M)n  inipils)   aiul  mediiun   f  10,001   to  Sn,0^iO 
yupils)   sited  units.      ...Tlie  number  of  district'^  using  Pd^P  has 
ii.cr(^:^sed   from   II    (IPt.b)    to  8.^.''     Tiie   Tact    that    the  growtli  is 
exyoi^entia!    is  partial!)'  ilue  to  the  ava  i  la  li  i  1  i  t  y  of  payroll  and 
vouciuM'  accounting  packages.     Almost  all   districts  of  25,  000  or 
larger  are  using   !:PP   in  some  form. 

lly   loolving  at   tJie  data  oa  operating,  develo]>jng  and  planned 
output  o  t'  PPP   is   far  greater  t!^an  that   current!)'  being  used  or 
^KMrii!  tieveloped.     To  luring  this  about,   an   increase  of  SO"",  or 
riore   i  r.  j)ersoni^el    is   anticipated.     And,   equipment   increase  will 
o  c\-ea   larp.cr.     Also  t!iere  are  56  conn?2tcrs  j:OW  in  use,  witli 
i:i  aviditior.al    4  7   j)lanned   for   future  operation.     At   this  time, 
iic-   l  of   tlie  develo]>ment    is   taVing  i^lacc  witliin   the  nrovir.cial 
de  i^a  r  t  ;;ien  t  s  ,   ral!:er  tlian  at   tlic  local  unit  level. 

^Ai::  IMPLICATIOXS 

(1)     Provincial   departments  of  education  must  prepare  for 
an    increase<l  call  on   tlieir  i'PP  services  fi'om  local 
adm  i  n  i  s  t  ra  t  i  ve  un  its. 
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il)     Tie  o  ft  cn 'Ca  1  UhI  -  f  or  ]U'o\^incjal   leaclershir)  in  I'lU' 
seems  to  be  cmer^iny,   iu  the  fovii  of  integratCHl  \\\- 
foT^inat  ion  s\'s  t  ems  . 

(5)     Ikniuips   tlie  Deed   for  edvicatintz  educators   in  tlie  char- 
actcristics  and  potential  of  1:11?   in  their  profession 
is  of  even  greater  iinpor taiice » 

fl)     Almost   all  of  tlie  current,  develo]>ing^  and  nlainicd  us<^ 
of  the  com]uiter   in  Canadian  education  relates  to  ad- 
min i  s  t  r a  t  i  vc  ajip  1  i c a  t  i  on  s  . 

Gerald  L<'irt  r 


l^in,  liughics,  J.l'.;   Tennyson,  J,U.:   l^pting,  L.B. 

^- -^'IviL!  d  Opera  ti  o  n  of  Cooperative  fduc  a  1 1  o  n 

I; n R in e e r~ i n  f  Muc a 1 1 o n  ^"A'^ i: I; ,  \^  .   61,  JfcrT','(Jo^]   71)     , •  n .   8 n 

H  0  r> 


This  article  descinhcs  the  application  of  the  conpiiter  to 
handle  llie  p.eeds  of  t!:e  cooperative  education  nropram  at  t*-^ 
' :  s  s  i  ss  i  pjii   State  lln  i  vei  s  i  t  y  .     The  systein  was  used  to  ]\'nulle 
rc^eord  maint  enance   and  provide  a   rapid-access   information,  t': - 
'  r'ieval    function  to  i  u\  da)'- -da>'  prof^ram  oneratio)!, 

Ir:i|>uts   to  tliC  data  s\'ste:n  oiij^nate  with  studrnts,  cmplriy- 
ers,  university,   a);d   the  co-op  office.     Out[njts    from  the  syst^Tn 
coitsisV  c^f  pericnHc  reports  and  day   to  tlay   records  re(iiu'sted.  l^y 
the  co-o]^  office.     The  basic    i  n  f  o  rnia  t  i  on  coi-tained    in   the  sys  - 
consists  o^  ^0  listings  w);ich  servo  )K)th   the   inter]«al  rnan- 
nuemiijt  demands  of  the  co-op  i>rogram  office  and  as  external 
acadei.i  i c   rev  i  cws  . 

(nc  rational   aids  are   j^eiu  rated  uitlvin  tlie  system  to  pro- 
vide such   functions  as  ca  tegoi' i :  i  ng     stiulents  and  cmploN^ers, 
generating  a  resmnc  for  eachi  ]^otciUial  co-op  student,   and  che( 
ing  e\';iluation   forms  of  stiulents.      It   '.as  also  j^rovided  a  ia\'ins 
o.f  ovaluatiiig  the  met'nodology  of  operating  the  co-o]-)  progra^n 
at    tlx   un  i  vers  i  t>'» 

Tile  co-op  office    is  continuall)'  j'efining  the  s>'stem  rind 
'Oaa^'  on  adding  a  conputer  -  a  i  d':d  co-op  student  placement    func - 
t  i       to   i]]0  sN'stcm.     An  attempt   to  ana  1  yt  i  ca  1 1  >'  review  the 
coop  c  r^!  t  i  on  education  program   in  general   las  heen  in.it  iated. 
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n  hert   ha/t  on 


i'rt^qoii  Total    I  n  i*' >n'iat  i  ori  :  y:  >  fj^m-v/.i:  i  st  ir<<«tl   in  ni-l 
I'^'^'i;  : I    itonf*  >^\'  'M'^'  jon  r;''hnt)l    :  ;up^  ^  >  i  ! !  t  n;  ]  >  j  i  : ; ,    UM'iri'  (\\ rf^r'[  ion 

»  v;illi  t;t  p.    UuM't;,   Uio  l.sMn*  fViiiiUv  ,'un(M  i  i\i  < 'Tidonf  .  V'inav\f;ial 

lusfHitt    v;as  ^-I^laiiicd   f  vc^n  t  f\o   li.::,     iMu:*^  of  I  [Hwctit,  i  o[i .      It    i  j:  a  CfK)fn'ra~ 
*  1  VP  5 *o;»i!>\it,r»r    :onl  ot  oft'^rina  a  rar,«}o        d.iha  procr^s:.  i  tiq  sorvicx^s  to  i-du- 
i  'atK  ^a  i!    i  ri.s  I  1  rvit.  ioiu; .     Actual  ODoratJon  l)e^jan  hi  May   19G8.     Steady  r/rowt  fi 
has  ('vpaihlovl   !lu»  STTviros   to  '.ISO  :>ch<;olf5  ',vit]i  noro  thari  lf,)(),000  fjtudonts 
iri  S«)  Mc'lux.')!   districts;,   and  sovoiaT  comnumitY  col  locjo.s  and  educational 
ajtMic'ics  it'  '>regoiu     Cvirrontly,   there  arc  110  terminals  on-line  to  the 
li.  rr^^-. 'oi'iiniter  data  orocosHin(?  conf  Lq ura t i on  .     P/[MS  is  boinq  used  Cor 
three  I)asic  kinds  of  scrvico^^:     1)   student  servicoi3,    includinq  computer- 
i.^e<l  r'nn;)!  Inent. ,  attendance  accountiuq,  nvirk  reoortinq,   student:  class 
'  ^..-hrMlu  ]  i  n<| ,    t(\'>t  scorinq  and  IioaJth  r.urvov  x'oportS;     2)   hu^nno.sH  services, 
nv'ludiu';   fi^.cal  accountin^I,  payroll,  !j«^rson!K'l   and  inventory,   and  3)  in- 
.;ttu(i  ir)!Ml   :;-rvi(:c5;,    includin'i  p  roh  i  imi- scM  v  i  na  ,  CAl  ,     tqa>  nccupat  iona  1 
^  i\\ or:<\  it  i        ".^■ross  Systera   for  sludent    vcMMt.ional  plaruhnq,   and  th(>  ^I'lqs 
AuM)::i^if«v:i   \,]\'t~,\r\f  :-ysttSO     A?;    i tu' (  a  [i  f  corna  cluins  i  ve  as   thos^-  '■,(•}■- 

VI*'"'.  ar.-,   'qp:  <P,M^s  HV.^rf:      it    raovid>s  j^hicat  lonal  adi'n  ru  stral  ors  wi  Mi 
■  aP>  4  1  i  (  y  t'  t  r<a  ru,*v<*   r  I'os^;  llvMr  dvW  i  l«a'  >»»  vitrei    i    f ' > n^vi t, i  r.nj  nrM-r^s: .a )  v 
a    d'M.' 1  s  I  on-v^aP  I  ir  r  <ind  ol  mniiiq, 

^ii"  ''\'\:'-  ^:y.;^^^rn    is  viv.tLlaPh^   lo  p.^ar.  da^jv  ,ind   J-oatindv  li<indhv, 
'P'-'^^    ;s!-if  .   an  h^'wir.      'rh*/  OiT^:  i;i)nriqtnaf  !^.)f;    is  r<  )iiu   jiied  of  a  'i'iT>po 
■  'Va       r^.rru  na!    c*^nt.i'cvl  [asjousstjr ,   an   irr!  Pvs  Pc^iii/ 3i  )0  ^:odnl    SO  and  a  fhpA'- 
I  <  P:  t   ■':!(;.:}:  ard  ,''  ^00}  '  Syst 

i'h^'  <.)rq^Uii  ;^ar  i  on  currontlv  otn^ratcs  on  j-^^-^jI!  t^;   frrjrn  anera);er  school 
d^-'tr^'-t  ;.     ■\"no  Pvisic  charqc  for  adn  uPs;  t  i\t  t  i       ';rrvicc^:;   is  $8,80  per 
:P  sd'sit.  :,r'r  year.     Four  tines  tlic!  voUune  r^f  s^a  vices  v;ith  lov/er  expenses 
s"iaIlor  staff  are  nov/  f:)rovid.>d  in  compari.son  with  the   first  year  of 
T\.e.  mn  , 
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Aifh;  ias  fjop  a  state  or  coviiity  aq^Micv,    rv^rs   is  orqani^ed  iindor  the 
-    ail    iutpi^iiiv    P    tlio  Pane  County  ri:p.     (aiidancr^  is  nrovided  >)y  an  advi- 
-'T:  i)oard  niaP"  u*^  of  educators   from  tV\rouqho>iP   the  state. 

h \i  n\ ::>^.r:i'A-/o  servi  ces  have  nade  up  tfio  P?a  1  k  of  the  voliune  of  OTTP 
.1  ■^i^■!P^^   r>uf   in  the  past  year  tsiraa^  has  been  a  dec:ided  increase  in  prol)- 
i  1  f-i-s'- :  71  tiv.      halicvitions  are  that   thi;^  -iroaof  sturlent  learning  will  con- 
in  as/asn.       'TIP  rficeiitly  acaMircri  a  liPrat-y  of  proqrams  for  corrni- 
'■'i   quidf^d  student  instruction  in  several   acad.?iaic  subject  areas. 

■PTP'^  >;af:  Piorn  with  two  broad  qoals:  to  build  and  maintain  a  service 
ora.mi  ;cat  Lon  triat  could  pi-ovide  nreqon  schools  with  t}ie  hardware  and  tech- 
-■■"■■^^  ';t,irp  s'^.M'.js  sry  to  :icet  lis^^ir  reaui  ronen  Pi; ,  and  to  devclot)  with  each 
'  ^  ^  )  in  Ifiat  v;ould  assure  individual  satisfaction  as  well  as  efficient 
and  ec-^nooical  utili^^ation  of  Plio  fypis  hardware  and  staff,  OTIS  has  larqe- 
ly  rfct  t.hese  uoals  and  obiectives  and  now  in  the  process  of  determin*- 
inq  th.e  direction  of  its   future  qrowtli. 

Hoerger 
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Amf^iic.ui  i:<lucnt\ion  Vol.  9  (April  I^>73) 

;»inc»>  N<^vonibpr  of  V)()B,  a  c  oirifHitivrj  ^ofl  croirnnunicati  ons  iiotwurv,  h  i5i 
[KN'h  in  orfoct.  amonq  117  torminaJs  alf^^l<)  tJvc  paths  of  ralqrant  workers  in 
■iH  staUos.     r\u>  not.wovk  cam,   in  cjJ)onL  four  hourvS,  provide  a  lichool  v/i  t  h 
t-iu'  basic  academic  and  lu?alth  history  of  any  of  the  300,000  inicjrant 
ohildron  roqisterod  with  it.     Ualng  Title  I  funda  from  the  states,  tho 
Arkansv^s  Department  of  Education,  which  now  has  its  own  computer  for 
M-RTS,  can  take  infomation  fed  into  the  central  data  bank  by  teletypes 
in  one  school  district,  and,  upon  a  proper  query,  can  send  it  to  the 
district  where  the  child  next  attends  school. 

Information  thus  transferred  includes  the  child^s  name,  sex,  birth 
date  and  place,   1. 1).  numJ^or,   innoculation  and  vaccination  shots  received. 
Also,   it  tells  the  diseases  ho/she  has  luid,   the  results  of  a  complete 
medical  examination,  the  results  of  aptitude  and  proqress  tests,  and 
special  .ilj>ilities  in  the  arts  and  sciences.     Teachers  rate  the  child's 
academic  record  under  39  headings  and  sub-headings  cover inq  the  basic 
school  sulrjects,  especially  languaqo  skills,  but  nowhere  can  they  writ^^ 
tlieir  own  comments,   thus  supposedly  protecting  the  child's  right  to  pri- 
vacy . 

critics  n<:>te  that  thi/i  is  still   a  data  ])ank  of  f^orson-:^^  information 
v/hich  can  easily  be  misusfKl.     Arkansa^i  officials  have  already  limited 
access  to  school  autFiorities  in  migrant  f^rograms,   and  restricted  the 
kinds  of  information  in  the  child's  file.     Yet  some  teachers  feel  the  form 
thoy  fill  out  is  too  restrictive.     Another  major  problem  is  the  failure 
of  some  school  districts  to  send  the  child's  progress  report  to  Arkansas 
immeciately  after  tlie  child  loaves  their  school.     The  child's  next  teacher 
is  then  unable  to  effectively  continue  the  child's  education  right  away; 
this  is  critical,   since  the  teacher  may  have  onlv  a  few  weeks  to  do  any- 
thing Viefore  the  child's  family  moves  on. 

The  claim  that  the  system  is  discriminate ty  in  that  it  doesn't  help 
all  children,   is  affimied  and  expanded  bv  Cassandra  Stockhurger  Director 
of  the  National  Committee  on  the  Kducation  of  Migrant  Chi  ^  Iren,  who  wants 
the  money  socnt  on  tracking  records  to  be  spent  i'nprovi        he  schools 
themselvos.     MoF^TS  agrees  that  improvements  are  neccss         md  hopes  that 
MSCTS  can  bo  ^'a  significant  move  toward  building  a  found  >   ion  for  a  co- 
ordinated, broad-scale  planning  effort  that  crosses  state  and  district 
lines , " 

MarJyn  J,  Kern 
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Hoi^aor;,  William  r), 

Pirr^DoTta  VaVpan  "'VrT^^  (Novcmhor  197  3)  "poT  Hl-lVrT 

»*or  aMmini rtt:rr\t'ors  who  rocoivo^l  t-hr»ir  qraMiKnto  trainii^]  yn  y^.^r'; 
aqo,  tVhf  f:omr>utor  waf\  unavailable.     to^av  tho  comnutor  is  availahlo  hnf. 
fow  a^Hini  ^frators  c\rn  recoAv\nn  traininn  in  undorstiandinn  or  usino  f,>ir» 
dir.ital  oloctronic  comf^uter,     F'or  thoso  nerrjonr,,  tho  author  briofly  ^^o';- 
criyjoii  tho  rivailahlo  and  r>norqlnq  in<;tructional  ar^pl  icatlons  of  tho  com- 
nutor; suqaests  nininal  rkills  and  baokqround  tho  interostod  nrincit)ril 
or  curriculun  director  miaht  well  develop;  and  dencribo*?  oractical  first 
stoo<5  feasible  in  manv  schools  at  this  time  at  eloment^rv  throuoh  senior 
hinh  levels. 

Pnder  the  first  topic,   it  is  suaoested  that  the  computer  can  facili- 
tate instruction  in  six  ma1or  areas:  1)  drill  and  practice,  2)  simnle 
a.inos,   3)  problem  solvinq^  4)   inriuiry  no'V,         indlvldualXTied  tostino, 
and  ro  calculation,  and  mentions  other  emerqinq  areas  of  usaqe  in  common 
nanaqement  functions  such  as  schedulina,  nayroU  and  data  analysis. 

Mext,   it  is  suqqested  that  tho  educator  take  a  course  in  one  nro- 
nranninq  lanauaqe  such  as  BASIC,   FOR^pA^I,  Ptyi ,  APT.  or  rOf^nr.  deslqned  for 
tlie  profes5;ional  educator.     Mo  shotild  also  beqin  readinq  technicallv 
oriented  iotirnals  to  familiarize  himself  with  the  hardware  and  software 
available  in  order  to  be  better  able  to  make  decisiorjs  concerninq  its 
\iso  in  his  school  system. 

Practical   first  str.ps  suqqested  are  to  nersuado  the  school  board  to 
ront  a  sirnle  comnuter  terminal   for  onn  academic  year  with  a  faculty 
mf>mber  from  the  hiqh  school  sunervisinq  its  usaae,  since  terminals  are 
the  least  exnensivo  method  of  enterinq  the  comptjter  field  without  a  huqe 
outlav  of  funds.     It  is  further  recommended  that  the  educator  qet  his 
facultv  and  students  busy  workino  with  the  comotiter  and  \t\  this  way  in- 
troduce instructional  annlications  with  a  very  modest  investment. 


Doris  J.  Nelson 


WMJUIR,  'I'horuisj  P. 

A^,J'ALl:il.^VlLg.^/_j^l^'_,.  !^}^^\  }'J^^l\^}^^^^^]\^r       ''^''L^jl'^'l  ^'^^l^^^i'.'lij:?,-:^'^ 'Ill  ^"^'^^       t  lu^  j'lajn- 
V5  omo?;jl^  ill  ~^^lL^  ^-Lj '         • ' 

Journal  of  educational  Data  Procosjunq,  Vol.        No.   1,  Wintor,  DGV-OM 
PcUjes 

Thijj  article  sJ^'n^Uvi  1 1  y  sot:;  out   a  molr^l   tor  a  liyi^tr^rnr^  a|>proach  to  du- 
cat tonal  administration,  states  some  obstacles  retardinq  wide  use  of  a 
iiVsti>ms  approach  in  school  majiaqemont,  and  cites  several  forces  whicl\^  the 
author  believot^,  will  cause  the  systems  approach  to  become  widely  used. 
'I'he  model  views  education  as  a  system  composed  of  inputs^  processes,  and 
out.j.iuts , 

Wilbur  suciqests  that  t.herc  are  three  steps  in  the  model:     its  tonnvj- 
1  at  ion,  with  the  situation  of  any  particular  school  district  or  school 
plugqed  in?   the  use  of  the  model  in  making  administrative  decisions  every 
(lay^  and  the  evaluation  and  re-cycliiuj  of  the  decisions  and  their  result- 
ant programs. 

The  article  then  states  four  problems  related  to  the  current  lack  of 
widespread  vises  of  ifinc  sy^-i^.^'ms  model. 

1.  hack  of  pcrforrr'ancc  criteria  and  difficulty  in  qatherin<f 
data. 

2.  Time,  manpower,   and  equipment  costs. 

3.  The  nature  of  educators* 

4.  The  uncertainties  of  systems  analysis* 

Despite  these  ^jrobloms,   there  are  three  com|:)el  1  i ntj  reasons  that  will 
cause  tiae  gradual  adoption  of  systems  approaches  in  a  majority  of  the 
natiorj's  school?..     These  reasons  are: 


Ihe  author  concludes  that,  this  systems  approacl^  is  an  aifl,  not  a  f>t\na- 
coa  for  the  schorl   administrator,  but  that  it  will  prove  an  invalual)lo 
tool  . 


1. 
2. 
3. 


The  need  for  motliodical,   analytic  problem  solving. 
The  rapid  recognition  of  impending  problems. 
Spin-off  and  stimulus  to  innovation. 


Knn  Bierly 
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V.'  i  111  l»r^5 ,  Willi  inn  K  . 

''Mrna]  n(.   i'ducat  iotial   IWla  Pr(vro^^s  i  ih  i ,   Vol.         No.    1,  Wiiif.or  l')f>7~f,>'. 
iM  ('"S   ]«)^)-  !  ] 

H   a?)  "ijiUMi  ioual   i  nfoi  mat  i  <.ia  ^;ysl  nn  is  <;oiaq  t  n  ho  ihU)  1  cinonlnd  In 
a  j;<-hf3ijl  ijy:)tcra,    Ihvu  Miin;o  aro  thrvM^  nvuijlo;;);!  that  rioocj  Lo  bv  dcMlt  wil.lj, 
n   Mm  [(iiri'i  w\i:\\    i)\  to  i|o  into  an  r(lu<Mt  i  li  ft^r  na  I  i  or\  system  /ilr; 

•)  Itir  int(?M\»]at  ionshif  cjf  tial.a  fi]i-s  tU  the  saino  lovol  aivi  at:  difforont 
Ir^vels;   3)  and  a  file  managomont:  lah«jua(ie. 

rn  clas:;ify  datia  In  dotonn  i  n  i  ri(^  i  i     UHofnlnon:;,   the  rdlowinq  ttirco 
divisir>ns  (Mn  i>o  inado.     a)     T  tc>:nr»  thai  arc  (ih.solvj  toly  nocossary;  i.e., 
sUit  r  names  and  t)ioir  social  socurily  numbers,    b)     Data  items  that  have 
trivial  or  anticipated  fulvire  edvicatlonal  infonnation  value.     For  examf>lo, 
in  a  university  information  syrstom  sLudont:  file,   tho  niimoric  code  which 
r\v{)ic^sents  the  elomontaiy  school  that  the  studnnt  attended  might  bo  put 
into  this  rile.     This  would  provide  a  means  of  tracing  the  studentVs 
i^lu<:ational  backqround.     The  idea  to  keep  in  mind  is  that  no  information 
'Ma        ou t^nu.  unless  data  is  stored.     c)     This  classification  involves 
d  ita  ite;;is  tiiat  iiavf-  no  |>resont.  or  anl  icipalfd  relevance.     Data  items 
^^Uijii  .ts  <;cjior  of  students  eyes  and  hair  would  ljr>  catt^cjor  i  xed  in  this 
'■  \  roa'.  i . 

v;:ion  dtM:idinq  what  goesi  into  the  M\<j,   the  educattir  must  he  a}>le  to 
^-'(jj-Uiiaru  r  a  te   to  (fie  sysloT^i  analys,t    the  Kind  ^it   output.  In?  f^xpecls.  Tlie 

d t K M 1  o r  should  lie  a)^ Iv.  to  o a  t  J  i  no   l! i n  k  i  nd : of"  q vio ! ;  t  i  o n r;  he  w a n t s  t } u ^ 
:ystt;:i         ari:v/<M'.     This  will  hflp  th<'  ";ystt?rn  anMlvi^t.  it)  desiqn  and  fur- 
aishi  kind  tjl   :iystem  that,  will   nor  torn  l.lio  service  desired. 

[>ata  entered  into  system  must  hi}  pat  into  the  proper  basis  file 

/aid  kr'/'  ']  \.o  th'^  j-'ropet  f  ile  level,     Infonnation  is  keyed  in  terns  of  the 
:  u'ii  VI  luil  ,  school,  school  district,  state,  and  federal.     A.t  cacti  level, 
!.:a:i  daf"  t  h.-  vi:::efi  in  a  di  fff^rent  way.     ft  each  system  fjtits  its  data 

^  t;o::i  a  ir>W(!r  lt.'V«^l  ,    tlien  each  system  can  benefit  from  its  ov/n  informa- 
tion a-.i  \^:ol\   as  all    the  systems  lielow  it. 

A  sv't  of  programs  reforod  to  as  <";TS   {Menoral   rnformation  System) 
.  ik  •  : ;  . i va  i  1 ,  i" )  1  e  to  the  us  <^ r ,    i  s  t, e  nn^^  o  f  a  q \ \ e  ry  l  anguage ,  a  vr;oan s  o  f 
i^jfuwrM  and  5;torinq  af)  w.dl  as  maintenance,   retrieval  and  output  of 
'icitru     r,lS  makes   it  mu*h  '^asir^r  for  those  intercjsted  in  setting  up  a 
systrin  to  r-vj-oriment  with  various  concer^ts  ol    file  design  to  fit  their 
|:vart  icu .]  ar  needs  . 


i  aul         Ash  down 
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SKCTrr^'  A:  OVFAWim 

A  convoutor  system  consists  of  luu'dwaro  and  r,QftvMro.     A  computer  sy.s- 
tom  occupies  physical  spaco,  and  qonoraUy  is  tmpotvisod  by  ono  or  inovo 
pcMMilo.     This  c)taptor  considarr.  all  of  thoiJo  toincs. 

'•\'\uv  ^it:hool5   (part icnil arly  socondary  schooU^  and  small  colleges)  do 
not  yot  have  computer  facilities.     By  and  large  thoy  do  not  havo  personnel 
who  are  nualifiod  to  carry  ovit  the  steps  which  should  be  followed  in  the 
computer  acauisition  process.     Tim  first  step  is  a  careful  needs  asnossiaer\t * 
Tins  requires  a  good  understanding  of  what  tasks,  administrative  and  in- 
:i  t  met  ional ,  can  make  effective  use  of  computers.     Next  comes  the  specific- 
cation  of  coinnutor  hardv;aro  anci  :ioftware  appropriate  to  fill  this  need.  Uy 
an^i  lanie  tht^so  st)of:i  t  1  cat  i  ons  r^hould  Vio  indv^pondent  of  any  particular  com~ 
f  utor  manafaf'tvirer .     'Chen  comes  a  rec^uost  for  bids,  and  evaluation  of  the 
bids,     This  rejuiires  good  knowledge  of  technical  aspects  of  computer  hard- 
v;are  and  software,   and  insight  into  the  various  computer  manufacturer's 
piodos  of   ;alesfnanship .     T^vo  sections  of  this  chapter  cover  those  ideas  in 
more  deta i 1 . 

If  one  is  going  to  use  a  time-shared  computer  or  a  mini  computer  he 
will  nr.'cd  a  computer  terminal.     Three  conunon  types  of  terminal  devices  are 
'lardcotiy  terminals   (like  an  electric  typewriter),   cathode  ray  tube  teminals 
(like  a  TV  set  v/ith  a  keyboard)  ^   and  card  reader  terminals   (to  read  mark- 
son-so  and  punched  cards)  .     A  rather  lengthy  section  in  this  chapter  discusses 
th*^  three  typ<»s  of  terminals  in  detail. 

Tlitj  f>osition  of  director  of  a  mcdii-un  or  large  computing  center  is 
Very  dencUidirK/r  ^'^nd  is  generally  filled  by  a  professional  in  the  computing 
field.     ITh:!  small  computing  facility,   as  one  finds  in  a  secondary  school,  is 
usually  directed  by  an  amateur.     One  section  of  this  chapter  is  devoted  to 


ing  the  duties  and  responsibilities  of  tlie  small-computing-facility 


'^^tokio?.      [\    IS  rtuoiiMatMulnl  ill. it,  ho  iu^  qivcii  .i  i;uhs  I  .in  i  i  .i  1 1  y  rc'<liH:()d 
i»v\<vhin<i  load    uul/ot   oxtr  i  pay   lor  iiafnlliTvi  this  job. 

•?'hc  (fupsf  i(>n  oT  wlK^fhor  lo  joiri   in  a  dijM.rict.,     f  a  tow  i  do ,  or  nattohil 
i::iput  1  riM  notvnvfk  t  .ices  maay  ychool  3  t«)day.      If  a  school   alroatly  has  ooinfm- 
^^'1^1   I'lv  iUt  ior.   it    may  fiMt*  that.  Lfio  quality  of  Liorvioc^s   it  f»rovid(>s  its 
iisctf;  will  d(H;r(uisp  upon  joining  a  netv/ork.     ft   a  serhoo]   has  r^o  facilities, 
it  will  waiu   to  insure  thcxt  it  qots  Iho  host  jxjssiblo  deal  if  it  deciccs 
(o  join  <i  network,     'LVo  sections  of  thL:^  chapter  discuss  comjjutor  networks 
olid  til.'  c<^mpr;ncnts  of  a  qood  tiuality  com|)utinq  lu^rvice, 

'Vho  overall  messacjo  of  this  chapter  is  i)lairu     If  you  want  to  bo  in- 
'/olvr?d  m  the  comi:>utor  hardware  and  software  arxuiisi  t:ion  ))rocoss  you  'ihonid 
hav(^  a   jood  understanding  of  tlie   idea!,.-  discussed   in  this  chavdior.      ff  you 
don't   have  this  kind  of  knowledge,   brinr]  in  a  consultant   who  does  1 
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hy  Robert  (.'!\r  i  sIciv.km)  and  Cliff  Ho\ij;c 

More  Uiari  lOi^.Oon  computer  systems  have  hccn   i  ost?' 1 1  cnl  in 
tnr  11(1  "'i[;itos.     Thus  ;i   largo  rrviiiilK^r  of  nooplc  linvo  iirul  ox- 

{Hiionc</   III  iioiii^i  lhtvjiu;h  the  eovi\]HUor  ;icqu  is  1 1  loii  procoss.  ilow- 
cVkM',    loss  than  r>^,>  of  those  computers  )iave  boon  installcU   in  od- 
uoalional    institutions,  ar.d   fewer  still   of  these  have  boon  in- 
siallovl   i  ri  the  5Vvil>lic  scl\OvWr.  Ik^Iow  the  collo;\o  level*  This 
article   is  nriiiiarily  directed  at  teachers  and  school  adinlnistra- 
tors  al    iLo  nrocolie^e  or  small   college   level  who  mij^.ht  be  con- 
^ornot.^  with   the  coniinitor  a^*  ((U  i  s  i  t  i  on  procf^ss. 

iionoraily  fnjl>lic   school    teachers  and  adni  i  irl  s  t  ra  t  o  r  s  have 
roiaiivol)'   MmIo  k  rtow  I  (m1  vo*  ^^(  coiiiputors,  ai)d  uo  oxporience  in 
acqu  i  r- i  !i     coiiipntirio   facilities.     The   first    thir)^   to  realize 
i     that    tf.o  pi'ocoss   in  non-trivial.      It    is  much  more  difficult 
thati  huyiiiv,  a  car;   ratl\er    it    is  more   Like  having  a  house  Ini  i  H  . 
Ihit    \\\   i!io  hnuse  building  case  one  luis   lived   in  a  house  for  man\' 
}'ears,   and   has  bo(Mi   in     hundreds  of  different  houses.     A  hous(^ 
is  a   faniilia)",   t^veryda\'  object.     Sucli   is   not   the  case   for  com- 

!  U  (  0  1'  s  . 

The  liouse  analogy  also  breaks  down   in  the  effects  of  an 
error   in  Judgement.     A  liouse  will  provide  shelter,  although  it 
may  l)e  too   little  or  too  much.     In  any  case  one  can  ustially  sell 
a  liouse  (juito  reridil}'   foften  at  a  profit)  or  add  on  a  couple  of 
rooms.      If  one  gets  stuck  with  an  inappropriate  cominiter  facil- 
ity it   usual  1)'  costs  considerable  money  and  time  to  remedy  the 
error  . 
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lU  I'oro  you  ilccido  to  nc([ui]'c  a  conipulcr  facility  there*  'aw 
r^rvcMMl    tliiiu\s    that   shouUl   hc^  clcMir.     Soii5r  of  thoso   thiiu»s  will 
ilr[u;!ui  on  wlu>  vou  a  TO,      If  N'ou  art'  a    tMch(M'  y<^\\  iiiu^;t  ronvin^< 
(U!.or>,   )>ar  I  i  c  u  !  a  r  1  }'   tho  a  Jfn  i  n  i  s  l  ra  t  i  up  aud   Mir  srh()<jl  h(^at^l, 
ilia  I    a  n«avHl   exists,      f.von    if  yon  arc   the  s  upcMN  n  t  cad  on  I  I  hr 

soho(M    hoard  you  shouUl  ho  ocrtaiii  that   a   nor^l  (*xisls  fjrl'oir 
)oii  dooido  to  aotiially  ac([uiro  anytlun/^. 

fot   us  assume  tfiat   t  ho  super  inteiulent   and  the  school  iu>ard 
arr  cnnviiiced   that   some  sort   of  action   is  called   for.     Tins  ae- 
\  \o\\    -hcuiUl   take  tl\e  form  of  a  careful  needs  assessment,  a]ui 
si.ouid  he  done  licfore  any  otl\er  action   is   taken   in  tlio  line  of 
aequi  >ition.     You  may   [' i  iid   that   n'ou  don't   n<UMl  a  computer   fae  i  I 
i  t  y  a  I    t  iTt  s   t  i  me  . 

Si'UK'  of   t  hc^  thif)[,»s   yo\i   shouUI  consider    in  assessing;  sauir* 
nci.'d:'    i  nc  1  ud  e   1  he   f  o  1  )  ow  i  : 

i  rr  uhat   jMirj^ose  or  purposes  would  you  use  a  computer? 

iV  J  1  1    [\\c  expected  uses  l)e  mostly  adni  i  n  i  s  t  ra  t  i  vc  ,   such  as 

i'i:  anc  lal    services,   educational   ma  na  p,omen  t  ,  and  student  re- 

cor\i   keepiny^?     ()r  will    it  tu^   instructional    in  nature  suc^i 

as  co^ninil(M^  science,   pi'ohlem  solvi]\u  and  V,\]l 
.   flow  i:)any  ]un^ivle  are  .^o  i  ng  to  use   the  computer,  and  how 

V.  i  d  e  t  y  a  r  e   t  h  e  y  d  i  s  n  e  r  s  e  d  ? 
.    i  i'   the  computer   is   t^)  ^n?  used   for   instruction,   what  types 

of   i  nrai  t /(uit  put  dcvMCcs  are   to  he  used',^ 
K    i  i'  used   for   instruction,  what  suh  iect   mattei's  are  to  tu^ 

covered,   and  what    is   tiie   level   o  i'   t'le  uscm's? 
r> .   IVhat  coja[/uter  languaj^es  are  necessar\'  to  do  t!\e  jof)?  Tliis 

O 
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will  1)0  determined  by  the  purpose  for  \si\ich  the  computer 
is  to  bv  used • 

(>.   What   is  the  desired  or  necessarv  tun^around  time  for  pro- 
:.n'ams  sulvnltted  to  the  computer  systcMii  (the  amount  of  time 
elapsed   from  when   the  j>roi;i\n!i   is   submitted  until  results 
are  obtained)? 

^.   What   type  ol'  peripheral  devices    (i.e.,   line  printer,  card 
reader,  cathode  ra)'  tube,  etc.)  are  needed? 

In  ord(M'  to  properly  conduct   a  needs  assessment,   select  the 
correct   equipment,  and  make  t]\e  final   selection  from  bids,  you 
should  seek  the  advice  of  a  consultant  who   is  knowl ed^^eah  1  e  in 
these  matters.      (Tliis  should  wot  be  a  salesman  or  iH'presen  ta  t  i  ve 
of  some  computer  comj^any/j     Tliere  are  man}'  i^x^ople  available  i^vcc 
of  charj^e  as  consultants.     Many  col  levies  or  universities  ca!\ 
eithei'  provide  or  recommend  consul  tajUs,      I;ven    if  you  must  pay 
for   this   service   it    is  well   worth  the    investment.     The  amount 
}i.»u  spend  could  very  v;e  1  1   he  saved  many  times  over   if  vour 
fields  are  moi-e  accurate!  v  assessed  and  the  final   selection  is 
tlio  Ijost   ono   for  N'our  situation. 

In  order  to  do  a  proiu^r  job  of  needs  assessment  you  sliould 
r.avo  have  somr   iiJea  of  what   is  available  on  the  conpniter  market. 
lIuM'e  arc  man).'   typos  of  co]n]niters   tliat  operate   in  many  differ- 
^Mit  ways  usirg  many  different   1  angur.s.' e  s .     A  brief  summary  of  a 
f'^w  !.oy    idioas   is     i  x^ui    in   the   followini^  paragraphs, 

(lomjniters  operate  primarily   in  one  of  two  modes,   the  hatcli 
m'.uio  and   the   i!\teractive  liuxle.      In  the  bateh  mode  the  programs 
.ire   ruri  tlirouph  one  at  a  time,     'Ilie  comput(M*  does  one   ioh  or 
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•'iKitch"  coiiinlotoly  beTorc  start  inv  on  tli<^  lu^xl  one,  wliirh  is 
Www  k'dmp  I  r  I  c  1  y  ,   etc.      In  t  1m  s  iikhIc  tin*  piojir/iin   is  com 

jMolely  coded,    frcMiucntly  on  puncluMl  cards,  prior  to  Iummi^  en 
lored    into  tlie  machine.     The  turjiaround  tine  cm  vary   from  a 
1  rw  seconds  lo  several   days,  dejuMulinji  on  the   location  of 
C()i{i|)uter  and  wfu)  owns  and  runs  it. 

In  an  interactive  mode  the  ])erson  using  the  computer  sits 
at  a  keyboard  terminal    (think  of  it  as  an  electric  typewriter 

tn  a  computer)  and   interacts  with  the  computer  as 
his  i>rooram   is  t)eiiig  processed.     It   is  possil>le  for  a  number  of 
terminals  to  he  connected  to  the  same  computer  and  to  ho  oj-jcra - 
t  ini;  simultaneously.     Tliis   is  calletl   interactive  t  i  me  -  shar  i  r),^  , 
Terminals   need  not  he  adjacent  to  the  coi!ii)uter,  as   tlioy  can 
connecttnl  lo  the  computer  via  telephone   lines  or  direct  wires, 
fn   time -shared  computing  the  resources  of  a  computer  systen?  are 
shared  anions;  a  luimher  of  users.     A  medium  size  computer  can  lian- 
dle  30  to  60  users  simultaneously,  a  sm:i  1  1  one  from  2  to  32,  and 
very   large  cominitcrs  can  handle  several   luuulred  simultaneous 
users.     The  respojise  time  for  each  user   is  usually  rapid  enouj^h 
s(i  that   very   little  or  no  delay   is  noticed  when  he   is  inter- 
acting witli  t!ie  computer.     The  interactive  mode   is  very  nopulnr 
in   teaching  students  how  to  use  the  computer.      In   fact,  many 
sc!h>o1s   start  using  a  computer  by  luiying  tiiiie  nv.  a  time-share 
s \'s  tern  , 

A  computer  system  consists  of  physical  macliinery  called 
t!ie  iKU'dwarc,  and  computer  programs  called  ti)e  software.  Tl^e 
^'oftware   is  designed  to  help  people  use  the  h.ardwarc.  Tl^ese 
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co'.u'v.)ls  arc  oxpluiiUHl  in  more  viola  il  elsewhere  \\\  this  llaiul* 
hook,  and  t  hoy  should  ho  Kept   in  mind  in  ^iiakinj*  any  decisions 
ahoul  what  cominit  er  sys  torn  to  ac<inire,     In  or^Jcr  to  do  any  si>e- 
cified  \oh.  both  hordwa^^o  and  software  a  re  rccju  i  red  .     Both  cost 
money,  and  not  all  computc^r  sy^'teius  dre  t^ood  in  hot!^  aspects. 
A  relatively  i  nexin^is  i  v^^  j)iece  of  hardware  miy>t  re(|uire  sonic 
wry  cxpens  i  ve  softwaj'e  to  make  if  do  a  desired  \oh. 

{*0}i\|nUers  come  in  many  sizes,   ran^',  inj\  ^'roiii  a  mi  n  i -comnut  or 
\.'hicl)  'iiay  cost  as  little  as  ,$5,r)0n  to  a  maxi -computer  wliich  may 
cost    10  million  dollars.     Dirfercmt  macinnes  have  d  i  f  f  crent   Pea  • 
turcs  wliich  affect   t)ic  cost  and  also  ihcir  applicability  to  a 
{■/articular  sitiiatiori.     tlsual  ly  the  more  features  tlierc  are,  the 
jnore  t^ie  system  will  cost.     Teatures  for  which  one  can  exnect 
to  pay  more  money  include  such  tnings  as  p,reater  stora.(;o  capa- 
city', more  termitrals,  different   typos  of  injHit -output  devices 
such  ns   1  t  rie  -  pr  i  n  ter  s  ,  cathode  ray  tuhes,  and  card  readers,  cM  f - 
ferent    lanj^uaj^e  !iand!ing  ahilitie;-;,    faster  ju^ocessing  si)oed,       c . 

'Ihe  needs  assessment  should   result   in  a  statement  of  v;hat 
will    satisfy  your  needs   in  terms  o^  number  of  terminals,  amounts 
of  storage,   ^niiounts  of  hatch  processing  to  be  done,   (^tc.      ft  is 
li   statement   in  terms  of  hardware  and  software  necessarv  to  do 
tlie  jot)  you  want  doi^e  .     It  should  he   independei\t  of  any  specific 
vendo r  ^  s  etiu  i  iMnon t ! 

Once  a  decision  has  been  made  as   to  what   is  needed   in  tlie 
way  of  hardware  aiid  software,  one  needs  to  examine  the  various 
ways  of  accjuiring  these  tilings.     'Iliese  ways  depend  nrimarily  on 
your   locality.     Metropolitan  areas  arc  able  to  provide  more  variety 
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^li'^^i  n'lnntc^  ;h'c.'is»     l^onw  difl'urtMil   w;iys  of  acqu  i  r  i  lui  coitunitcM^ 
rv  i  I  CS  i!Ki )    i      1  wdv  t  he   foi  l  ow  i  ; 

1.     Srrvic(^  lUireau,     A  <lala  p  rocc^s  s  i       s  cr  v  i  c  o  hnroau  sells 
the  iisr  of  the  computer  on   its  proiaises.     This  means  that   i  I'  yon 
want   to  use  the  eomputer  you  niust         to  the  service  hureau. 
.\'ornjally  [\\[:\  va^uUI   limit  operation  to     the  batch  typ(^  mocU^. 
The   turnarouiul  time  wouUl  depend  on  your  distance  from  the  ser- 
vice luireau  and  on  their  oneratioji.     This  could  mean  a  matter 
of  a   feu  minutes  or  hours   if  a  messenger  took  materials  and 
waited  for  them  to  be  processed,  or  it  could  mean  several  ciays 
or  even  weehs   if  lUaterial  was  mailed   in  to  hv  i^rocessed.  One 
could  possibly  get  another  school   witli  a  computer  to  act  as  a 
service  iMireau. 

Computer  Utility.     The  computer  utility  normally  installs 
a   tcIetN'pe  or  other  type  of   input/output  device  such  as  a  card 
reader/ 1  i  ne-o  ri  nter  on  the  user's  j^remises  attaclied  via  a  tele- 
jihone   line  to  a  computer  on  the  utility's  premises.     This  allows 
the  user  to  interact  directly  with  the  computer.     It  usually 
allows   the  user  to  have  access   to  a  lari',er  computer  system  than 
a   :;ch<Mil   could  a  1*  ford   to  own.     The  cost  of  using  computer  ut  i  1 - 
i  t  >'  services  has  decreased  markedl)'   in  the  last   few  years.  In 
us  in-,  a  computer  utility  one  can  expect   to  pay  for  four  things: 
Ihi    initial  Jiookup,   time  w}}  i  1  e  attached  to  the  computer  (connect 
time),  actual  computer  time  used   (CPU  tiiiiej,   and  storage  charges 
fill'    files  you  may  wish  to  store.     I'reciuently  tl\ere  will   be  some 
ad.Jed  communication  costs  such  as  use  of  the  teleplionc  line. 
A  possible  starting  point   for  a  school  which  lias  limited  funds 
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hut  wishes   to  got  started   in  coii;iHit  i  ii^^   is  to  hoo\  U|i  for  a 
sliort  period  of  time  to  a  eoiiiputer  utility, 

^.     Lease  or  IUmU  .     It   is  j^ossihle  to  have  a  eomnlete  eoiipuler 
s\stein  on  your  own  premisc^s  h\'  leasing  o>^  renting  e(|uipment  from 
SiMMe  [lantirae  turei'  or   froni  a   third  parly,     Tlu^  lease  mny  l>c  in 
the  \\^v\]\  o  {"  a   1  ease '  purehase -opt  ion  whereby  you  owti  tlie  cH|uip- 
nuMil  offtM^  leasing  it   for  some  set  number  of  years,     Tlierc  are 
^^eriJin  adva::tages  to  haviiig  )'our  own  system.     It   is  alwa)'s 
MuM'o  and  access  i!>le   for  )'Our  use  when  you  want   to  use   it  ,  M(n-e- 
(U'cM-»    leasing  gives  oiie  considerable  flexibility.     If  n^ou  wisli 
upgrade  or  replace  equi])ment,   Iho  company  from  wfiom  )'ou  are 
leasing  takes  care  of  this.     They  also  will   take  care  of  the 
iiia  i   1  cMianc<^ .  sure  that   any  i^i^ovisions  you  wish  ^uade  for  up- 

'.'.rading  or   renlacei^uM^   are  si^ecified   \u   the   lease.     These  must 
!h'  spcMled  out    in  careful   detail    to  protect  you, 

l  .     Purclwise.     CcM^taijily  oru^  of  the  most  obvious  ways  of  l)av' 
inj'.  equi[>ment   on  your  [premises  and  at   your  disposal  when  you 
wip.t    It    is   to  purchase  t  ha  t  e(un  pmoiU ,     With  the  advent  of  the 
in  i  iu   ccjiniuit  er ,    the  possilulity  of  a  school  owning   its  o\\'n  com- 
;Mitei-  system    is  a   realistic  al  tertuit  ive ,     Sometimes   it    is  pos- 
sible to   find  a  used  system  that  meets  your  needs  at  a  price 
considerably   lower  than  that  of  a  new  one. 

5,     Censor  t  i  tim.     Another  alternative  wortli   i  nve  s  t  i  ga  t  i  iig  is 
a  consoi^tium,  where  several   school  districts  go  together  to  set 
up  a  data  processing  center,     A  consortium  allo\^'s  eacli  school 
to  iiare  access  to  a  more  expensi\'e  system  than  uny  of  them  could 
probab 1 y  have  a  lone  , 
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\ow  r  l)a  t         ]):i\'v  COPS  i  cl("  riui   ihv  ikv^Is  some 
tin-    I  It  tM'n.U  i  vc'S       :n  1  ;i  l>  1  o   ior  :i(quirifiji  ;i  i^'Jripnt^M'   I^K•  i  I  i  I  y  , 
Hn'Ti^  ,irr  -MHiU'  i)llici    ro  lis  I  tk' t  i  n  f"  V  luM'orc  :i  ^h^cision  ^uw  hr 
ni.idt,^.     rfui?Mli|y   !  [ic   first   co  ii  s  i  J  c      t  i  o  n    i      cost.  matlcM'  vJmf 

<>ur  iirfuls,   or  i'.h;il  yen  iu;i\   Jesir<^,   yo^j  c:itiM   :ic«|iiir('  s«)fno I  h  i  ii i', 
if  you  do  not   have  tho  fuiul  ^  ,     If  voir  funds  do  not  allow  you  to 
^^H'^'l   'ill    tho  noods  you  luay  navo  vo  reassess  to  find  wlncli  ones 
caa  he  j)nt   off  uiUll  ii  later  date.     Try  not   to  ac<iuirc  some- 
tliinv.  you  will   outv^row  in    i  short   time,  tvirt  icoiarl  y   if  you  are 
vv>inv;  to  ]nirc]iasc.     Many  times  upj^radJng  t\  system  costs  more 
than   iv   u o(i  1  d  cost   t:o  hu}'  a  wliole  iiew  system  tfiat  will  oporati^ 
at    the  de  s  i  red   1  eve  I  • 

('i>n.sideT"  Khc^tiicr  a  s)'sleni  re(]uires  a  sj^ecial  cnvirontiunt 
in  Kin  eh  to  o[>erate.  Some  S)'ste!iis  re<(u  /  re  siu^eial  olectr^ical 
circuits  and  air  conditioning  wiiie!i  could  add  considerahly  lo 

cost   of  nvvninp.  theiii.     Some  may  require  morr^  si^aee  thar^  you 
!iavt   availai)le.     I'hoy  }>)-iy  retiuire  s;H^eially  trained  personnel 
to   run   th^eni.     C\)p.sider  tiie  amount  of  mojiey  recpiirod   for  paper, 
cards,   ['^aiHM'  tane,   printer  rolls,   etc.     Consider  tiie  type  and 
•i-i'Muit   of  Mainrenaace  recpiired.     Maintenance  costs  may  run  as 
-lil^Ui  a^.    11',  of  the  orii^inal   ec[uipmenl  cost,   per  year. 

la  for makin;;  a  final   decision  on  v;hat  com]nitcr  facility 
acnuire  visit   a  eomputer   installation  whicli  uses  the   type  of 
pi'HMi  t    \-ou  are  cons  i  der  i  nv; .     T!iis  j;ives  you  an  opportunity 
t actual  I\'  See   it   in  oj^eration  and  to   incpiire  ahout  how  well  it 
incs  those   thiiu^s  you  want   to  do.      If  n  vendor  cannot  sl^ow  it 
you    in  your  desired  con  f  i  v;iirat  ion  you  can  he  prettv  certain 
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it  tloos  not  oxist*     Doa't   let  n  computer  maiuil'nctiu'er  (Wpori- 
nuMil   on  )'<ni ! 

This   is  cortainly  not  an  exhaustive  list,  but   it  does  ^ivo 
you  an  idea  of  some  of  tlio  thin,i;s  to  ]  -nV  Tor,     As  you  !>ecoin(^ 
belter   informed  n'ou   iiaprove  your  chances  of  nuiking  a  decision 
which  will   he  best    for  your  situation. 

(h;ce  (i  decision  has  been  made  as  to  what   is  t!ic  best  sys- 
tem for  your  needs,  you  must  thicn  go  about  tlic  procedure  of 
actually  accpiiring  it»     Whetljer  you  plan  to  rent,   lease,  or 
purchase  you  should  re([uest  bids  from  the  appropriate  organ- 
ir.atious.     Tfic  more  competitive  the  bidding  situation,  thc^  bet- 
ter your  chances  u  i  1 1  i)e  fv^r  getting  the  most  appropriate  com- 
jniter   facilities  at   the  f)est  price* 

In  reciuesting  bids,   you  should   include  tlie  general  sj^cci  - 
ficatiuns   that  are   included  in  any  bid  received  l)y  the  school 
district,     Rid  specifications  should  also  include  some  very 
specific  points.     You  sliould  be  allowed  time  to  make  a  decision 
therefore  fiids  should  not  be  allowed  to  be  withdravvrn  for  a  per- 
iod of  time  after  the  deadlir^c   for  bids  to  be  in.     If  the  bids 
arc  for  lease  or  purchase,  request  that  bids  include  all  costs 
necessary  to  get   tlic  system  up  and  running,  such  as  freight, 
installation,  etc.     It   is  probably  a  good  idea  to  specify  a 
date  90  days  prior  to  your  absolute  deadline  for  the  system 
to  be  up  and  running.     You  may  wish  to  make  provisions  for 
penalties   if  this  date  is  not  met  and  you  feel  you  will  suffer 
as  a  result.     Keep   in  mind  that  ]ienalty  clauses  may  signifi- 
caiuly  increase  the  cost  of  your  contract.     Ask  that  bids 
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sjuHify  tii(    conf  i  i;ura  t  ion  ,  giviiii^  the  i^ianuOic  t  uroi' '  ^  ii;nuo  nnd 
mtHlol   luimboi'  for  each  itons   tho  abilit)'  to  oxi^aiid  to  a  jmvcmi 
i      ,  and  1 1     cost     T  tins  cx|Kinsion,     As^    t)ial   htds  sju^c  i  I'y 
w)Kit   per  i  lOiora  1  s  mi\y  b;^  used  and  the  cost  of  ins^nllin^  any  (if 
ihom.     r.ids  should  also  specify  \hr  cost  o(  necessary  inaijUen- 
ance  and  who  perfoniu;  the  maintenance.     If  tliere   is  a  need  for 
a  spi^cial  environment  to  operate  t  lie  system  effect  jvely>  this 
should  he  specified.     l^cquest   that  any  (iscr^s  grodp  or  library 
of  ;MX)|\rams  which  may  he  available  for  t!\c  system  be  included 
in  t:;e  bid,       l\\  summary,  acquirin^^  a  comj)Uter  facility  involves 
much  time  and  work  if  you  are  to  get  the  ojie  system  which  is 
T'ii^h.  t   for  s'oti.     It   is  very  Import  ant  to  ,^;et  professional  help 
in  the  selection  process.     If  you  are  careful  aikd  systeiual  ic 
in  your  selection  process  you  will   l)e  rewarded  by  knowin^^  you 
haue  the  t)ost  system  for  )'0ur  situation  and  for  the  money  you 
have   i  nves  t  ed , 


ERIC 


Whit  to  Look  For 
What  to  Avoid 
Hints  for  Dealinc'  with  Vendors 


Preparation  of  this  Guide  is  jointly  sponsored  by  the  Orepron 
Council  for  Computer  Kducation  and  tne  Comrpunicatlon-Resource 
Center  of  the  Ore^^on  Museum  of  Science  and  Industry*  However, 
opinions  expressed  are  the  responsibility  of  the  authort 
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May  20,  197U  (Fifth  Edition) 
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WARNINGS 


'^'hl3  Is  the  5ln^^,le  nont  important  rule*    Mo3t  gr\rl  cornea    fron  buying 

'♦computer  futures"  systems  thnt  alrnost  exist*    If  you  know  wh^it  you 

y^nl,  ank  vendors  to  transport  you  at  their  expense  to  see  cuntomorfl 
who  have  current  production  models  in  use  with  the  type  of  applications 
you  expects  Jit)  fiunderson  of  the  Multnomah  County  Intermediate 
Kducatlon  District  used  this  ru\e  while  advising  the  committee  of 
teachers  which  helped  set  up  Orep^on  s  first  cooperative  instruction?sl 
oomputinR  utility^ 


KVKN  IK  YOU  DO  SEE  IT,   IT  MAY  NOT  EXIST 

Don't  settle  for  a  special  factory  orA^jnized  dramatic  presentation 
desif'ned  for  your  sole  consumptiont  It  s  flattering  but  perhaps 
misleadinr.  Yoij  would  not  buy  a  car  without  testing  it  under  real  road 
conditions;  don  t  buy  a  computer  system  without  seeing  it  "under  firct" 

Hemember,  they  are  not  doin^  you  a  favor  marketing  computer  system.*? 
can  represent  a  large  chunk  of  the  manufacturer  a  costs  and  smart 
vendors  expect  to  spend  considerable  effort  in  attracting  you  to  their 
product . 


PKKVIOU.S  CUSTOMi^lRS  MAY  HAVE  A  VKSTRD  TNTKHKST  lU  TflKIH  MIS-^AKK-S 

y^hen  visiting  a  computinj?  system,  try  not  to  ho  a  t)urden  to  the  r^yntr^m 
m-snii^er  hut  try  even  harder  to  ;?et  facts  both  for  and  against  the 
system  rather  than  Just  ^?ood  vibrationsi  A  man  who  bought  a  $150,000 
lemon  may  not  want  to  admit  his  mistake^  even  to  himself^ 


COMPAHING  SYSTKMS:     ABOUT  BJ':NCHMARKS 

Kveryonc  seems  to  have  her  own  favorite  three  line  pro/^ram  for  testinr 
the  speed  of  a  system^  Such  benchmarks  will  tell  you  how  well  the 
system  runs  that  particular  program  — -  no  more  than  that. 

Vendors  all  spend  a  little  time  on  dirty  tricks^  A  favorite  iy  to 
amaze  a  customer  with  the  perfornjance  of  the  system  on  a  particular 
program  knowint^  that  the  competition  s  machine  will  do  poorlyt  The 
salonperson  for  even  the  puniest  system  can  find  features  that  are  not 
present  on  other  systemst 

However.  xV  you  can  define  a  number  of  jobs  that  are  for  your  purposes 
'^typical",  you  should  try  to  devise  methods  for  makinp  meaninj^,ful 
co,T?pari3ons  of  running  times  on  different  systems. 


OKNERAL  COMIUEMUOHS 


AP-OU'^  '^HK  WORD  "SYSTKM'^ 

"Systerr"  is  more  ^han  a  fad  word.  In  the  past,  when  ninety  per  cent  of 
a  computer  center  s  budret  went  to  purchase  a  very  obvious  and  rather 
cranky  computing  machine  maintained  by  a  very  small  band  of 
specialists,  the  computer  was  the  system,  or  at  least  most  of  it.  But 
today,  the  machinery  is  not  only  much  more  powerful  and  useful  but  it 
is  physically  smaller  and  often  cheaper  than  other  budf^et  items 
includinc^  operators,  data  clerks,  pro/^rammers ,  maintenance  staff,  and 
administrators.  The  computer  hardware  could  be  working  fine,  but  if 
^^53  identical  parkin/^  tickets  are  issued  to  one  person  everyone  says 
"the  computer  did  it*"  No.    The  SYSTEM  did  it. 
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G'jneral  Considerations 


Tilia  is.  Q9k  g^t.rjv.lal  semantica  ;^ane  1  Most  computing  catastrophes  are 
not  caused  Dy equipment TaTlure*  Reallyl  Inanimate  computers  make 
splendid  dcapef^oats  for  bad  planning:  or  Inept  use  but  if  you  are  to 
avoid  being  the  victim  of  your  system,  start  fipurinp;  out  what  you  want 
your  syst.'^m  to  do* 


ARF  COMPUTERS  ALWAYS  BKTTER? 

Conventional  wisdom  in  the  computer  industry  has  lonr  recoRnlzod 
economies  of  bigness  If  you  trade  in  ten  small  computers  for  ono 
oU'  one  you  can  fire  nine  operators,  right?  Sure,  and  besides, 
althoui^h  tno  big  computer  may  cost  ttOOO  per  hour  to  runj  it  will 
ha-jJle  bigger  Jobs  more  flexibly*  One  government  financed  effort  hopes 
to  hook  2000  educational  terminals  to  such  a  giant  givinR  fifty  cent 
per  hour  time  (exclusive  of  communications  charges). 

Unfortunately  for  conventional  wlsdoit,  most  big  computers  have  been  big 
flops  at  providing  reliable,  economical,  responsive  computing  to  the 
present  wants  of  the  educational  community*  IBM  has  tried  and  failed 
badly;  so  have  others •  Not  only  has  the  cost  per  hour  of  computing 
been  high  but  big  computers  require  a  big  support  staff  which  often 
falls  to  put  instructional  computing  first* 

As  computing  costs  decline,  communications  costs  do  not;  and  they  form 
the  base  level  for  cost-per-ti^rminal  calculations* 


^ax  [NSTRUCTtON  AND  BUSINESS  DATA  PROCESSING  AT  YOUR  PERIL 

The  mix  usually  fails:  often  expensively*  Salespeople  stress  that  such 
.•systems  have  succeeded  but  you  should  not  depend  on  luck  your  first 
time  out  in  the  computer  world.  Instructional  computing  may  depend  for 
Its  3UCCCSS  on  how  well  ^ach  teacher  uses  your  system  irom  the  other 
end  of  a  phone  line.  However,  a  business  data  processing  "system" 
includes  ()rompt.  reliable  data  entry  and  fast  turnaround  times*  If 
your  machine  is  supposed  to  print  the  district  s  payroll  checks,  it 
could  moan  your  Job  if  you  fail;  such  conflicts  may  lead  to  instruction 
taking  second  place  on  your  systemi 


WHICH  SYSTEM  SHOULD  YOU  GET? 

or  course  ^  you  war)t  to  purchase  the  best  available  for  your  money* 
However,  if  you  re  Just  getting  into  instructional  computing,  you 
probably  are  not  confident  about  what  it  is  that  you  really  need.  In 
that  case,  you  can  save  yourself  some  money  and  much  c-rief  by  spending' 
30xe  timo  with  people  who  have  already  been  initiated*  Specific 
actions  that  you  might  take  include: 

1)  Invest  a  week  in  travel inj^,  to  installations  in  your  region  and  be 
3ure  to  ask  mana^?ement,  operators  and  users 

a)  What  are  you  tryin)?  to  do;  what  is  your  mission? 

b)  What  would  you  do  dilTferently  if  you  started  today? 

c)  What  are  your  system  s  biggest  strengths?  weaknesses? 

d)  How    much    does    your    system  cost  you  to  do  a  unit  of  your 
kind  of  work?    {a  very  tough  question) 

?)  Form  a  <?roup  of  potential  users  to  answer  questions: 

a)  What  dc  we  really  want  to  do  now?    What  later? 

b)  What  support  will  be  required  (funding,  inservice,  etc#)? 

Note:  The  group  will  probably  fall  to  reach  permanent  answers  to 
these  questions  but  it  is  essential  that  you  share 
responsibility  for  answering  them  with  the  users. 
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3)  Attend  a  conference,  mlnlcourso  or    institute  dealing    with  the 

instructional  uses  of  computinr  (See  people  in  Appendix  A;  if  you 

don  t  know  anyone,  you  mny  winh  to  atari  with  Tim  Kelley  or  Dave 
Mouraund  or  call  the  author  of  this  ^^ulde). 

^)  Join  the  Oregon  Council  for  Comouter  Kducatlon  (O^C.C.K.)  or  the 
Association  of  Educational  Data  Systems  (AEDS)  and  order  a 
subscription  to  the  People  s  Computer  Company  Newspaper 


SKLLINC;  TIMK:     WOULD  YOU  HATKKH  BK  THE  LANDLORD? 

If  you  sell  tlnti  on  your  own  computer,  know  that  people  will  want  more 
from  your  computer  than  you  can  provide^  You  will  be  accused  of  bolnt? 
partial  to  your  own  needs  and  empire-buildlnt^  with  user  fees*  This 
will  happen  rep^ardless  of  your  performancet 

Independent  computing  utilities  must  serve  paying,  customers  first  and 
qan  avoid  the  golitical  thicket.  However,  should  you  decide  to  become 
the  landlord  ,  eqjploy  a  fuU-cime  staff  to  serve  users  and  do  not 
ignore  Larry  Hunter  s  Law  which  states,  "If  you  give  somethinp:  ^^ood 
away,  it  will  be  quickly  used  up  and  people  will  complain  violently 
about  the  shortage*"  Thus,  make  fair  charges  for  resources  consumed 
(includinr  staff  and  overhead)  and  don  t  stretch  staff  or  computer  time 
to  cover  loo  many  users* 


SOFTWARE 


Most  users  will  not  see  the  pretty  flashing  Iij7:ht3  of  the  computer 
console  but  all  will  have  intimate  contact  with  the  software*  Give  It 
your  closest  attention  when  comparlni;^  systems* 


DO-IT-YOURSELF?    "BUT  YOU  CAN  ALWAYS  WRITE  YOUR  OWN  PROGRAM  TO  DO  THAT" 

This  remark  is  made  by  a  salesperson  who  has  a  product  that  doe?^  not 
include  some  essential  feature  that  your  bid  requires*  The  pitch 
depends  on  your  etro  to  block  out  the  shortcoming'*  Reputable  vendors 
don  t  want  naive  customers  to  ^et  in  over  their  head3» 

Good,  reliable,  well-documented  computer  software  costs  $10  per 
instruction  in  a  competitive  marketplace  ««t 

10  PRINT  2+2 
20  KND 

A  $^0  prot^ram,  ri^ht?  Not  really*  Thn  catch  is  that  prop-rams  that 
handle  complex  problems  and/or  interact  with  novices  often  require 
soverol  hundred  or  several  thousand  Instructions*  Further,  the  art  of 
writinp!  reliable,  not  to  mention  efficient  or  aesthetically  pleasinp:, 
programs  isn  t  practiced  widely  or  well  and  is  harder  than  it  looks  to 
the  tyro  fresh  from  his  first  codinp;  class* 

Do  not  bo  misled  by  the  ease  with  which  a  novice    can    code    his  first 

BASIC    nrof^ram    Beginners    All-purpose    Symbolic    Instruction  Code 

( B-A-S-i-O*  BASIC  helps  be^rinners  rush  into  coding!,  but  a  lot  of 
cxorienced  programmers  prefer  other  lanfua^^.es  —  and  not  because  they 
are  snobs*  Some  complex  ideas  are  harder  to  express  in  English  than  in 
German;  some  complex  programs  are  harder  to  code  in  BASIC  than  in 
ALGOL,  PL/1,  APL,  or  COBOL. 

A  computer  system  includes  hardware  AND  software           insist  on  BOTH* 
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PROGRAMMFJftS  ARK  NICE  FOLKS  BUT  THKY  CANNOT  TELL  TiiE  TRUTH 

"But  1  cnn  do  it  In  flvo  mlnutpM  no  klddinp:!" 

Don't  yovi  believe  it!  Books  :\re  ntartin^?  to  appor^r  with  titlr^^  Ukf> 
"Tho  ViiycUcAoi^y  of  Connputor  Pro«^rMmmincr,<^  The  optimism  concornint?  tho 
jmnllno3s  of  a  task  and  the  stroni-'th  of  their  art  Is  shared  by  n'^'^rly 
all  rro^yramnorn*  Unfortunately,  where  reliable  aoftwaro.  Is  conc<srn^^ii , 
wl*^hlnF*  does  not  'nake  ll  50 ♦  But,  bo  p^entle  in  your  scorn  for  tho 
pro><'r;>mmor5  sinn*  vSonotlnc  in  the  next  f^everal  ^yenr5  you  are  llkoly 
to  catch  your:u?lf  lookinf'  ovor  your  proRrammer'a  .shoulder  and  sayhu^, 
"Now  that  is  really  easy        move  over  and  let  me  do  that  myself.'^ 


THE  SOFTWAHK  FOR  THIS  MACHINE  HAS  NO  HUC3S'* 

This  con  only  mean  that  the  computer  has  no  software  or  the  salesperson 
has  no  intetrrity.  If  you  think  there  is  more  to  the  product  than  its 
ads,  talk  to  someone  who  purchased  one  a  few  years  aRo# 


USKR  CHOUPS:     IS  ¥HKE  SOFTWARE  WORTH  THE  PRICE? 

Probably  '^yes**  if  you  are  carefuU  The  largest  vendors  have  active 
user  groups  with  offices  supported  by  the  company  and/or  modest  fees^ 
At  host,  user  p^roups  offer  you  and  your  students  a  source  of  free 
proprnms  for  your  computer  and  a  vehicle  for  passing  around  some  of 
your  best  work.  The  personal  contacts  you  will  make  with  others  facin^^ 
problems  similar  to  your  own  can  be  of  more  value  than  the  free 
proprar^s  • 

At  wornt ,  ur.or  ^^roups  can  be  a  source  of  thousands  of  under-documonttid 
pro^rrams  that  "almost"  meet  your  needs  •  Since  developing  ^^ood  software? 
c^n  be  more  expensive  than  creatine  hardware^  companies  and  users  can 
benefit  by  the  availability  of  programs  which  nobody  has  the 
responsibility  to  repair,  but  beware  —  software  breaks,  and  most  (^ood 
pro^Trammcrs  would  start  from  scratch  rather  than  try  to  patch  up  an 
undocumented  program* 


WHAT  BESIDES  BASIC? 

"^hore  are  several  computer  lanp:uap;es  more  conducive  to  "structured 
pro^rarimln^"  than  BASIC*  Writing  time  for  lanpuac.es  is  measured  in 
work-years  and  so  expenses  have  kept  most  educational  vendors  from 
worryinj?:  about  anythinp'  but  BASIC*  However,  some  systems  offer  other 
Inn^zuaf^es.  If  you  wish  to  offer  non-BASiC  lan^?:uages,  there  are 
alternatives  at  one  or  more  of  the  following?,  levels: 

1)  'translators  or  interpreters  written  in  BASIC  —  at  worst,  these  are 
unreliable  "hacks**  which  offer  only  a  superficial  flavor  of  a 
lanrua^^e  and  devour  hup:e  amounts  of  computer  time*  Few  offer  more 
than  an  introduction,  but  some  may  be  good  instructional  tools* 

?)  Limited  single-user  systems  —  most  general  purpose  minicomputers 
will  offer  a  sin*:^le  user  FORTRA^^  subset  plus  an  assembler  system. 

3)  A  few  vendors  have  minicomputers  that  permit  up  to  sixteen  users  to 
run    BASIC    while    a  sinr^le  user  runs  FORTRAN,  ALGOL,  etc*,  but  full 
implementations  of  multiple  advanced  lanp;uages  under  time  sharing  on 
sub-$150,000  systems  will  probably  not  be  delivered  until  late 
or  early  1975* 

WARNING:  Careless  or  unscrupulous  vendors  have  cultivated  false  hopes 
for  true  multl-languaee,  multi-user  systems  on  sub-$100.000  packai^^es* 
The  few  Inexpensive  systems  available  are  presently  of  more  value  In 
demonstr.itlnp'  different  langua^^es  than  in  doing  larre  amounts  of 
oomputint;»  Don  t  plan  on  using  such  systems  to  accomplish  the 
district  s  business  data  processing  In  FORTRAN  while  the  computing 
classes  use  It  for  Instruction  with  BASIC! 


ERIC 


Vll 


f^Ur  WK  HAVK   'AnVANCfc:!)  '  HASIC" 
All    i^riSor    vendor.'^  of  i  nstrixn.  lon'i  I  conrMninr  ^sy^lor^s  nolljnt^  for  f?ioro 
cnh inc^montn  to  106^1  O^irtmouhh  HAMIC* 

INn'rettably ,  the  orifvlnatorr>  or  l^ASU:,  Kcrony  nnci  Kurtz,  wore  urviblo  to 
Ifnpoao  tandardizat ion  on  succoiuMnr  vor^iionn  .^nd  .-^t  this  time  evory 
dWVoronl  m-^nnfaoti/ror  ha.s  at  loart  one  distinctive  variant  of  Advnncod 
BA^-IC  which  inhibits  the  exchani^o  ol  pr^orram  rnatt^rials  requiring: 
advanced  foaturon  3uch  as  alphabetic  character  3trlno:s,  data  files,  and 
loricnl  or  matrix  operators* 

^^:^rtur\atel  y ,  nost  governnent-devolopcd  curriculur  materials  use  only 
tho  comrnon  skolrton  BASIC,  but  watch  out* 


manual:;  COS'!^  MONKY  (and  some  aren't  very  ;>ood) 

You  can  buy  independent  texts  to  Introduce  lanpu-^^es  but  you  must 
depend  on  your  vendor  to  provide  documentation  for  the  operation  of 
your  particular  system*  Some  vendors  are  noted  for  their  expensive  and 
poorly  orp.anized  manuals  —  p^et  a  full  set  when  you  first  start 
shopplnp'^ 


ROUGH  PUT  HOW  MUCjJ  WORK  CAN  IJ 

Users  oC  bl;'  computer  systems  evaluate  conputerrs  as  to  how  rruoh 
calculation  or  data  file  manipulation  they  can  do  reliably  per  dollar* 

'^hey  omohasize  features  that  are  not  felt  to  be  of  i^reat  value  by 
teachers.  ^^his  section  is  not  intended  to  talk  you  out  of  your  values 
but  to  tell  you  the  pros    point  of  vlew» 


BATCf]  AND  DrlFERHED  RUN 

Job:^  run  under  iMTCM  systems  tend  to  run  without  human  intervention 
unMl  finished  instead  of  wastinc^  tine  swappinc',  jobs  in  and  out* 

Interactive  computin^^  can  cost  you  many  times  more  than  BA'^CH 
procossin^^     You  need  interaction  for    computer-aidrd    instruction  but 

maybe    interaction     is  not  needed  for  teachini?  problem  solving?  some 

peor>lo  believe  that  interactive  terminals  discourage  c;ood  prop^ramminp^ 
practices  in  favor  of  '^try  somethinc'  and  see  if  it  works"  approaches* 

.Sor^o    corr:put<^r  utilities  will  let  users  request  the  "deferred  run'*  of  a 

job.    ror  larr^e  computational  tasks  this  can  save  much    money    the 

cnnnuter  waits  until  a  slack  period,  then  lets  a  deferred  job  take  over 
.To:it  of  the  computer  as  in  BATCH.  Sometimes  deferred  iobs  are  not  done 
until  evenlnf^  briny^s  a  reduced  time  sharing:'  load* 


SCHf;OilL[r^G  ALGORITHMS  HESPONSI VENBSS  VKRSUS  THROUGHPUT 

A  simole  "round  robin"  scheduler  >?ives  each  time  sharinsr^  user  a  period 
of  time  r^iuch  as  one-tenth  of  a  second  in  which  to  do  the  computing 
beinr  renucstcd  and  then  turns  its  attention  to  the  next  user  until, 
after  at  most  several  seconds,  the  first  user  is  a(7ain  serviced, 

ouch  simple  schedulers  have  the  advanta(?e  of  not  permitting  a  lar>7e 
prot^ram  to  hop:  the  computer,  thus  leaving  the  other  users  with  an 
unresponsive  terminal.  This  is  probably  an  advantat^e  in  education?)! 
environments  in  which  much  of  the  value  of  the  computer  is  its 
Interaction  with  users.  But,  some  such  systems  sacrifice  doine  ^^the 
'.-reat^^st  work  for  the  greatest  number"  in  order  to  remain  always 
rosnonsive.  You  should  try  to  simulate  your  work  load  before  deciding 
on  lust  which  you  need, 


Throughput 


SATURATION  -.-^  SHOULD  YOU  PLAN  TO  USK  100$  OF  YOUR  COMPUTER'S  POWRK? 

You  53hould  definitely  not!  Yea,  it's  a  trick  queatlon*  Userr.  will  be 
happiest  when  they  do  not  experience  the  Impact  of  blR  jobs*  Tltre 
sharing  depends  on  probability  to  scatter  the  bl^'  jobs  throuirh  the  day. 
Pity  the  poor  computer  system  in  which  all  user--  type  RUN  on  their 
blp:p:est  job  of  the  year  at  exactly  the  same  time.  You  should  hope  that 
your  system  will  almost  always  retain  enouAh  unused  capacity  to  permit 
each  user  the  Illusion  of  being  alone. 


BUYING  A  COMPUTER  SYSTEM 

Appendix  C  lists  ^  nurjber  of  systems.  This  section  deals  with  your 
ner^otiatlons  with  vendors    representatives.    Get  bids  from  several! 


FIRST,  GET  THKIR  ATTt•:^iTION 

To  retain  m\ich  serious  interest  on  the  part  of  a  ^ood  salesperson,  you 
must  be  sure  It  is  known  that  you  are  authorized  to  spend  money, 
balespeople  advance  accordincr  to  successful  sales,  not  prospectsi 

Remember  that  from  your  point  of  view,  you  are  not  Just  "spendlnfr 
money'*,  you  are  ^'buylnft  capability,"  This  is  not  Just  a  slogan! 

It  is  best  to  define  your  needs  rather  than  yc^r  budget  limit  few 
salespeople  will  quote  a  price  on  a  system  for  less  than  your  budp:et 
and  most  will  assume  you  can  be  raised  by  twenty  per  cent* 

When  asked  what  your  budget  is,  tell  the  salesperson  that  you  will  be 
taking,  bids  and  then  be  prepared  to  provide  a  detailed  specification  of 
your  wants  —  you  may  change  them  in  later  negotiations,  but  start  by 
asking  for  what  you  really  want. 


BAIT-AND-SWITCr)         WAIT  'TIL  YOU  FIND  OUT  WHAT  IT  REALLY  COSTS 

Less  honest  than  the  "loss  leader"  pitch  used  In  department  store 
sales,  the  '*bal t-and-switch"  technique  brings  you  in  the  front  door 
with  an  'istoundlnely  low  price  that  seems  to  apply  to  the  package  of 
the  your  dreams*  However,  "there  are  a  few  little  extra  costs."  (!!!) 
The  computer  industry  has  many  salesmen  new  to  the  business,  so  honest 
error  is  possible  but  is  hard  to  distinguish  from  outright  intentlonnl 
deception.  If  you  see  a  bad  business  practice,  stop  dealing  with  that 
salesperson  and  write  company  headquarters.  You  will  be  doln^'  both 
yourself  and  the  industrv  a  favor. 


"ANl:  IF  YOU  BUY  THIS  MONTH  I'LL  THROW  IN  A  GREEN  WIDGET" 

When  urged  to  buy  from  a  particular  vendor  because  of  extra  p:oodies,  be 
sure  that  you  consider  them  valuable  because  you  will  probably  pay  for 
them.    Also,  get  it  in  wrltlncr  or  they  may  never  arrive. 


BARGAINS  "I  CAN  GET  IT  FOR  YOU  WHOLESALE." 

Competition  In  the  market  place  makes  It  unlikely  that  you  will  find 
more  than  a  tor.  per  cent  cost  variation  in  a  piece  of  equipment  that  in 
new,  a  current  model,  with  warranty,  and  immediately  available.  Big 
price  cuts  are  available  on  discontinued  or  used  equipment.  Price  and 
quality  of  used  systems  vary  suprisingly. 
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BUYKftS'  GUIDK 


Price  la  a  function  of  narketabl  11  ty »  Low  co.st  only  r:ean  thnt 
everyone  wants  the  new  model  which  has  hirhly  touted  Improvements  ^bout 
which  you  Criro  little*  Hiph  value  prr  dollar  can  he  had  with  such  usc^d 
5y8tens,  but  the  true  bar^^ains  require  sofDc  detective  work,  some  care, 
and  some  familiarity  with  that  model  and  its  applicability  to  vour 
needs. 

Look  for  used  systems  from  manufacturers'  "o.sed  computer  lotj^"^  from 
Independents  who  specialize  in  used  computer  systems,  or  from 
individuals  selling  an  old  system  that  they  have  replaced.  With 
manufacturers  you  take  the  least  risk  of  ffcttin^.  a  non-workinp'  sy.^tem 
and  with  Individuals  you  should  pay  the  lowest  price. 

tl'  irou  prefer  a  maintenance  contract  on  your  system,  obtain  written 
confirmation  of  acceptability  from  your  maintenance  organization  before 
you  write  your  purchase  order  and  make  the  order  contingent  on  prompt 
delivery  of  a  working  system  try  to  p:et  the  seller  to  apree  to  pay 
all  shippin^^  costs  if  you  have  to  return  it  because  your  maintenance 
people  cannot  install  it  satisfactorily  within  a  certain  time  or  within 
a  set  Installation  budp!;et« 

Watch  out  for  bar^:^alns  that  have  "trivial  differences"  from  the 
standard  model  —  they  may  be  part  of  a  special  order  made  for  a  now 
defunct  customer  and  the  trivial  differences  may  keep  you  from  runninp^ 
standard  software* 


WHO  TO  BUY  FROM  —  MANUFACTUHER  OR  INDKPENDENT? 

Lar<?er  manufacturers  have  full  time  sales  representatives  sellint^ 
nothing  but  their  own  products*  Experienced  salespeople  have  often 
developed  useful  contacts  in  different  parts  of  their  organization  and 
that  can  be  of  value  to  you#  They  should  have  ;^ood  information  on 
maintenance,  software,  and  new  products* 

Independents  purchase  large  numbers  of  systems  to  obtain  quantity 
dl5^count9  of  from  twenty  to  forty  per  cent  of  list  pricct  They  can 
therefore  quote  you  the  same  list  price  and  make  their  money  from  their 
marku^i.  Some  independents  are  conscientious  and  will  pive  you  a  lot  of 
personal  attention  but  there  is  a  hazard  — -  they  are  often  sellln^r 
only  hardware  rather  than  a  system.  If  you  buy  from  them,  you  may  have 
to  pay  thousands  to  buy  the  system  software  from  the  manufacturer.  Ask 
experienced  customers. 

Beware  of  the  special  dangers  of  mixinf.  vendors.  When  things  co  wronP' 
(not  ''if  they  ro  wronr:*'!),  vendors  often  point  to  the  alien  hardware  or 
software  as  the  culprit.  This  can  cause  the  most  catastrophic  of 
delays  —  months  filled  with  headaches. 


H')W  CAN  YOU  PAY  FOR  A  COMPUTING  SYSTEM? 

List  oricp  is  what  you'll  hear  first.     Policies  vary  but  many  customers 
will  be  able  to  obtain  at  least  a  five  per  cent  discount.  Discounts 
up  if  the  vendor  must  win  you  over  from  a  competitor,  if  the  equipment 
is    being    discontinued,    or    if  it  is  the  end  of  the  fiscal  year  (they 
want  to  make  their  annual  report  look  good). 

If  you  lease  or  ret  a  bank  lean,  you  will  pay  about  2»2J  of  the 
purchase    price  per  month  on  a  five  year  note.    You  may  be  eligible  for 

a  total  payoff  lease  with  escape  nrivileges           should  the  voters  turn 

off    the  money.    Otherwise,  you  may  have  a  10*  payoff  option  at  the  end 

of  the  lease           If  ^ou  want  to  keep  the    machine,    you    pay    one  last 

payment  (10%)  and  it  s  yours.    Note,  bank  loans  are  cheaper. 

A  maintenance  contract  will  cost  you  about  0.7  to  1.0*  of  the  list 
price  per  month. 
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Buying  a  System 


DON'T  KOROET  COMMUNICATIONS  COSTS 

Rf*  sure  you  vol  a  complete  bid  that  includen  all  hookups  and  cables 
would  you  believe  that  some  rather  Innocent  looking    cables    cost  over 
*S0  per  foot? 

Multiplex  devices  permitting  your  computer  to  talk  to  many  local  or 
over-the-phone  users  come  In  .Tany  flavors*  Some  choao  "front  ends"  can 
handle  a  few  terminals  of  the  same  speed  without  difficulty,  but  If  you 
wlMh  to  handlr  different  r.poed  devices  or  more  than  cif^.hi  linos  you 
will  want  more  exotic  (and  more  costly)  geart  Terminals  may  be  rented 
from  many  sources  look  for  a  record  or  customers  who  are  happy  with 
their  maintenance! 

You  can  lose  many  thousands  of  dollars  If  you  are  not  careful  about  the 
oomputcr-to-telophono  interface  and  the  type  of  phone  service  you 
obtain*  (let  a  bid  from  both  the  phone  company  and  a  couple  terminal 
leasin*^  companies  before  you  decide  on  the  interface,  "Metered  call 
rates"  are  lower  than  re^^ular  business  lines  —  the  phone  company 
tariffs  (working  rules  approved  by  the  Public  Utilities  Commission) 
permit  such  lower  rates  on  phones  that  have  fewer  than  90  calls  out  per 
month*  Your  computer  Is  unlikely  to  place  calls,  so  you  might  save 
several  hundred  dollars  per  month  on  a  big  system*  Often  such  rates 
must  apply  to  an  entire  account;  so  be  prepared  to  show  that  your 
computer  consortium  is  a  separate  entity  from  your  organization  or 
combine  all  your  lines  — -  lines  with  90  calls  each  mlpht  add  enouprh 
to  your'  switchboard  pool  to  save  your  entire  or>?anlzation  considerable 
money* 


VKNDOH/SYSTm  PKRFORMANCK 


OK  COURSE  we'll  DELIVER  ON  TIME,  DON'T  YOU  TRUST  US?" 
Well  no, 

Ind^^ed,  nice  puys  p:et  their  computer  last  when  they  ne;^otiate  for  a 
pop^ilar  item*  Even  when  dealing  with  the  larpestj  most  established 
firms,  your  purchase  order  should  specify  the  latest  c?cceptable  date 
for  delivery  and  user  acceptance  of  the  new  sygtem*  Some  vendors  slip 
60  to  90  days  or  most  of  their  deliveries*    Don  t  for;?et  this  point? 

If  you  have  tne  slijrhtest  Intuition  that  they  won't  deliver,  you  should 
plan  for  the  worst  case  —  try  to  .s^lve  yourself  120  days  paddlnf?  so 
that  you  can  replace  a  no-show  with  your  second  best  bid* 


WHA'^,   INS'^ALL/VTION  COSTS  EXTRA?!'' 

You  bet,  iJnless  you  have  specifiea  it,  installation  may  be  an  extra 
charge  and  it  could  be  steeps  Proper  handling  of  your  order  and 
sipnini?  up  for  a  maintenance  contract  can  prevent  such  extra  fees* 


VP:*^D0R  INTEGRITY 

Some  vendors  have  an  industry-wide  reputation  for  lntep;rity  some  do 
not*  Most  pay  salespeople  on  a  commission  or  a  partial  commission 
basis  but  some  do  not.  You  are  likely  to  receive  less  distorted 
information  from  those  not  paid  on  a  commission  basis* 


USER  ACCEPTANCE  —  WRITE  IT  INTO  YOUR  PURCHASE  ORDER 

oince  you  will  ultimately  select  a  ;rood  computer  system  that  meets  your 
needs  ,it  the  lowest  costj  you  can  bet  others  have  done  the  same.  If 
you  hive  violated  Gunderson  s  Law.  then  you  have  probably  purchased  a 
product  that  has  never  been  seen  in  the  universe  outside  of  an  artist's 
mind*      What    mip,ht    happen    is  that  the  salesperson  gambled  that,  this 


ll'Ti'^,  rho  r-u^t.ory  woiild  not  ho  rilne  month".  lnl(»  fioHvorln^  thn  n<^w 
pro-iupt  or'  that  you  (jould  bo  porvunciod  to  wall  ^' )uat  another  wor^k  or 
two"  for'  rUMlv^^ry  of  your  nrw  oonpulln^  bCr^nt, 


Ho  sure  you  /jot  one  and  arjk  for  :i  written  lioncrintion  of  oxclu^lonj^g 
Somo  vendors  W'-jrrantlon  -nro  void  If  you  ujie  .mother  vendor 'r^  cQuipnent 
or  auppllcfl  (tcipo.s,  dl?k?0  in  their  jTyr.temt  If  you  aro  caurht  alnnlnt;, 
you  nnif'ht  h.ive  to  pny  the  vendor  hourly  maintenance  rates  to  fix  your 
machine  ao  that  it  will  acfaiu  be  ellriblc  for  a  maintenance  contract* 


"NF:KDS  ho  OPb:HATOR»  SUPKaVISION  OR  MMrreNANCK" 

Nonsense!  If  it  moves,  it  break?.  Kspccially  if  It  ia  a  terminal, 
re-^dor,  punch,  diok,  tape  drivq,  or  anythihp  else  you  depend  on«  It 
break5  sometimes  even  if  It  doesn  t  move. 

'^o  fix  things  that  break  will  often  co^t  you  $35  per  hour,  plus 
transportation  costs,  unless?  you  pay  for  a  maintenance  contract,  which 
would  typically  cost  10  per  cent  of  the  new  purchase  price  per  year* 
l^roken  software  will  be  fixed  slowly,  if  at  all,  by  any  but  the  larp:est 
and    most    responsible    vendors  only    a    competent    and  permanent 

prorrammincr  staff  can  provide  such  support* 

Operation  and  supervision  vary.  Conservative  f^ystems.  such  as  the 
Hewlett-Packard  2000  series,  mipht  run  relatively  unattended  for  time 
measured  In  months,  from  the  moment  they  arc  uncrateo*  Sophisticated 
or  flexible  systems  may  need  a  full  time  operator* 


I)f::LIVKftY  METHOD  — -  Use  Air  Frei^^ht 

Shop  for  the  best  route;  but,  unless  you  can  save  a  lot  of  money,  ship 
air  freif^ht  for  speed  and  pood  handlinPt 


AL^KRNATIVKS        BUYING  A  MIN  ICOMpl/Th'R/TKRMINAL  .SYSTEM 

y.oFX  necondary  teachers  enterin;?  the  field  of  instructional  computing 
in  rerent  years  have  done  so  with  a  model  33  Teletype  terminal 
('teletype  is  a  trademark  of  Teletype  Corporation,  Skokie,  Illinois), 
'^he  terminal  is  usually  connected  to  a  school  owned  minicomputer  or  a 
comnorcial  service  selling  cheap  time*  This  generally  produces  $3  to 
$S  per  hour  computing  Instead  of  the  $6  to  ^15  per  hour  time  sold  on 
Iarjc70  commercial  time  snared  computers,  ^ven  $3  to  per  hour  leads 
to  about  $^000  per  classroom  per  year.  However,  there  are  alternatives 
to  buying  your  own  minicomputer  and  terminal: 


PHh:3r:N'^INC,  COMPU'^INa  COMCt-t^TS  A^D  SIMPLE  PHOGHAMMING  WITHOUT  HARDWAHK 

CcToputers  and  terminals  can  and  do  motivate  a  f^reat  deal  of  student  and 
teacher  activity.  Such  activity  sometimes  t^ives  little  benefit  beyond 
fun  and  f^rroup  status.  In  the  best  situations,  such  fun  and  status  ctive 
rlr.e  to  educational  programs  that  do  use  the  computer  to  teach  problem 
solving  and  to  help  motivate  and  assist  other  learninc,.  However,  the 
novelty  will  wear  thin,  and  you  will  be  able  to  see  if  "there  is  enou^7h 
Jepth  of  commitment  to  sustain  a  valid  educational  protrram. 

If  your  hudret  does  not  permit  divine  you  and  your  students  direct 
ncce^!U)  to  ro-tputers,  you  may  wLsh  to  present  a  "familiarization"  class 
In  whioh  the  students  become  acQuaintrd  with  techniques  for  logically 
attacking  r^roblems  and  with  some  of  the  Jargon  used  In  the  computln^r 
biz.  '^Computer  Literacy"  or  "Computing  Readiness"  may  be  offered 
without  machines. 
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Alternatives 


If  aome  cheap  device  Is  needed ,  ^sovorril  cardboard  or  pln^tlc  computers 

'ire    available    Bell    Labs      CAHDIAC    haa    been    popular  with  f^ome 

students  • 


CAl.CULA-l'OH  VKHSUS  COMPUTtiR 

"Calculator'*  no  lonij.or  nenn3  'Himited"t  If  n  cnlculntor  will  meet  your 
nrod'K  ji  Will  do  so  for  les:^  noney  thnn  *i  general  purpose  oomputor* 
Calculators  u.suaUy  have  special  purpose  b\itton3  and  a  fixed 
nros'ramminc  lan^^uace,  while  computers  usually  use  only  regular 
typewriter  keyboard  charvnct^  rs.  For  numerical  applications,  multi-user 
programmable  calculators  will  be  cheaper  than  multi-user  computers, 

'^he    r»^r.allo?.t    hand-held    ctf^ Vcvilators    sell  for  under  $30  you  mic^ht 

prefer  to  spend  $^^00  per  year  on  calculators  that  can  be  used  by  all 
students  at  once  rather  than  a  sin^^le  computer  terminal  ;  or  perhaps  a 
iUOOO  one-time-only  expense  for  a  powerful  desk-top  prot^rammablo 
calculator           some  of  them  even  speak  BASIC* 


CARD  ftblADKHS:     KVtlRY  STUDENT  CAN  RUN  A  PROGRAM  EVERY  DAY 

When  laniTuacre  codintr  is  bein;'  taurht.  not  more  than  five  students  can 
use  one  terminal  to  run  and  debu^^  short  proc^rams*  If  you  add  extrn 
terminals  for  punching  up  procram  tapes  off-line,  you  may  p.ot  a  ratio 
of  up  to  ei^»ht  or  ten  to  one  with  P'.ood  typists. 

Optical  m-irk-senso  card  readers  offer  an  alternative  that  can  >?lve  a 
several  fold  increase  to  the  number  of  programs  run.  Many  teachers 
disdain  cards  bocatase  the  computer  then  loses  its  immediacy  or  maelc. 
Nonetheless,  this  ^ipproach  is  probably  the  cheapest  way  to  provide  real 
codinp:  experience  to  a  lot  of  people.  Where  motivation  is  very 
important  (with  non-science  or  non-math  students),  use  terminals* 


BUYING  Tmi:     CKM'.HAL  SUPPORT  WITHOUT  CAPITAL  INVESTMENT  OR  mQ  STAFF 

A  few  commercial  vendors  sell  cheap  time*    Careful  use    of    the  Orcr.on 
State    University  network  wi  1 1  ^approach  $3  to  ik  per  hour*    Joininir  one 
of  the  other  education!]  users    cooperatives  mentioned  in  Appendix 
n.iy  also  make  such  low  cost  time  available  to  you. 

Buying  time  from  a  computer  utility  has  the  advantatJ^e  of  ^Avim  you 
access  to  a  rentral  trained  staff  which  can  p'ive  classes  to  your  staff 
and  offer  some  limited  propramminc  advice,  plus  a  shared  central 
library  of  application  proprams^ 

^bme  commercial  users  will  sell  surplus  time  to  educators  at  very  low 
oostt  liuyinc^  time  rather  than  equipment  can  have  the  advanta^^e  of 
fixed  cost  and  no  risk  plus  no  extra  staff*  However,  administrators 
and  boards  of  directors  remain  impressed  by  ownership  and  fail  to 
realize  that  the  computer  box  is  only  a  token  representini:'  the  "system" 
purchased.  In  addition,  some  people  have  observed  that  if  the  district 
sirns  a  five  yenr  contract,  it  tends  to  i^ive  a  five  year  commitment  to 
the  instructional  program  as  well«  However,  most  people  do  not  use  the 
flexibility  available  throus^h  owning  thrir  own  machine» 
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APPKNOIX  A:     .SOMK  i^KUtM.K  INVOLVKD   tN   I  (iSTiaiCT  1 OWAL  COMPUTIMG 

!^rU.s  Tpnendlx  ir»  omitted  In  this  odiMon  is  the  nuDjpct  is  oovomd  in 
spotlori  XlIl«K  of  thin  hnndbook* 


Al'PKNDlX  B-lr     Hoprosontn  tivo5j  of  .Sonio  Kqulorront  Vnndcu^s 

'^'ril.'t  V(?ry  Urgitod  lu^  of  vendona  oxcJudos  thoso  who  do  not  have  n 
manufnoturer  s  rcpreat^ntntlvo  in  Oregon  or  h^ive  aold  rolativoly  l>w 
nduoritioml  rjyst^*.-^-: ,  IHM,  and  PvirttouLirly  flonoywoll  and  Burrouf'hs, 
rLt.'ht  deserve  rv  re  rrontion  but  they  nro  not  nellinr  m,t)ny  lovj-prlccd 
r-^illor  v'^ystoms  in  the  tricky  educcjtionnl  fTrirkct* 


Pookot  or  desk-top  calculators  nre  compirod  in  the  June  1971  Consurrer 
XviH^rl's  and  the  Texas  Instruments  D-ttarr^^th  TI2500  rnted  highest,  [t 
cost  $100,  hut  use('ul  calculators  wore  tested  In  the  $60  ranro* 
Prices  are  droppinr  fast. 

WAN',")    LAHOHATOHIKS    (Wang),  ^>319  S,W.    Canyon  Court.  Portland,  Or 

(?97-?501)  Krank  Brandvold;  Wanr  has  a  lot  or  experience  usinf? 
calculators  In  the  classroom.  They  have  a  new  BAvSIC  speakin^^ 
calculator  which  does  not  yet  have  much  software,  desls^ned  for  use  In 
the  schools, 

TKKTHONIX,  INC  {Tek)»  8845  SW  Center  Ctt,  Tic^ard,  Or  97?23  (6^9-7691) 
Jon  Gordon;  Tek  Is  not  experience*]  in  market jnc^  to  hiph  schools,  but 
their  new  line  of  proc:ramnable  calculators  is  inexpensive  and  offers 
many  advanced  features*  Tek  products  are  noted  for  their  exceptional 
reliability* 

HKWL^r^-^-PACKAHD  (HP),  17890  SW  Lower  Hooncjs  Ferry,  Tualatin,  Or  0706? 
(^);?0-3350)  Hick  Baker;  HP  makes  the  world  s  most  sophisticated  pockf?t 
calculator  and  a  wide  ran^?e  of  desk-top  calculator  systems  includinr 
the  flP9H30  BASIC  lanc'uapre  speaklnjcr  calculator/computer •  HP  equipment 
Is  reliable  and  their  sales  and  support  staff  is  very  familiar  with 
the  education  market* 

HKWLK^'^-PACKARn  (see  above);  Heliabilitv,  Quick  terminal  response  on 
small  Jobs  when  fully  loaded  with  the  normal  mix  of  educational 
users,  conservative  development,  and  a  larce  public  f^ASIC  library  are 
the  hallmarki^  of  the  HP-2000  series  time  shared  BASIC  systems*  HP 
offers  the  sinp'le-user  HASIC  calculator  mentioned  above,  plus  8^  16, 
and  ^2-user  time  shared  BASIC  systems*  HP  has  sold  a  lot  of  HP-?O00 
r^y^tems  and  has  not  shown  much  interest  in  varyin*^.  their  offerinv^s* 
ftP  s  most  painful  lan^^.uare  restriction  is  their  failure  to  permit  one 
or  two  dimensloncjl  strlnnr  arrays.  HP  BASIC  has  only  6  diprit 
orenislon  and  won  t  execute  data  files.  Whatever  its  limitations,  HP 
:'>AS[C  is  probably  used  by  more  students  than  any  other,  and  their 
r^alespcople  are  well  tuned  in  to  desires  of  secondary  school 
teachers.    The  HP  user  proup  is  well  organized* 


DA'^A  GrlMKHAL  (DO),  ^900  S.W.  150th.  Bcaverton  ,  Or  97005  (6^6-5669)  Bob 
Nelson;  DC  makes  essentially  only  one  comnuter,  the  NOVA,  which  was 
the  first  widely  used  sixteen  bit  machine*  It  comes  in  several 
versions  Tvom  and  one  terminal  to  a  larp'e  16-user  system.  Their 
computer  systems  tend  to  be  a  little  cheaner  than  DEC  or  HP.  Their 
Extended  BASIC  is  available  on  some  very  small  systems  and  is  similar 
in  power  to  HP  BASIC.  NOVA  8^10  systems  are  the  first  priced  under 
MOO, 000  to  offer  a  powerful  16  user  BASIC  with  simultaneous  batch 
that  can  handle  a  very  nice  ALGOL  and  an  excellent  FOHTRAN  IV. 
Performance  on  single  CPU    systen^s    with    over     16    users    should  be 
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evaluated  very  carefully*  DO  claims  they  can  exp.-^nd  in  16  u.ser 
Incremontn  by  addin^r  a  new  CPU  and  swapping  disk  ($2'>,000  per 
increment);  make  them  show  you  one  in  operation*  l)G  does  not  have  a 
well  developed  uaers  o:roup« 


nU^l^AL  KOUIPMKNT  CORPOHATION  (l)KC).  ^3^9  S,W^  West^alo  Or*,  Portland. 
Or  07;\M  (;?Q7-.376  l)  Hank  Herlitti;  DEC  offers  a  bewl  IderJn^'ly  larj7r> 
i5';iorlm^»nl  of  educational  [VBCkrjcros  from  small  to  o^it^antir.  '"n^Mr 
:•^y:^tOf'lH  ire  more  flexible  than  HI*  s  r^\,  moat  levels,  becaui^e  thoy  nre 
nft^Mi  pufvha^^ed  by  bunlnoas.  onc^incer^lnk^ .  sclentln<!,  and  industrial 
ountomorvs  in  addition  to  their  educational  sales.  At  moat  levola, 
"rr^oro  flMxible"  means  that  the  operators  often  need  to  be  more  expurt 
than  on  the  same  size  HP  system.  A  number  of  non-BASIC  lanfl',ua«7.es  arc 
avallahi(>  for  DFJC  PDP-8  and  PDP-11  minicomputers  for  single  user 
moi1e:  tho  same  is  true  for  HP  and  DO.  DKC  s  2-?^^  user  time  shared 
PDP-H  in  the  only  multi-user  multl-lan^uaRe  system  under  $60,000  r\n<i 
hoasta  BASIC,  FORTRAN,  ALGOL,  KOCAL  and  assembly  lanc^uac^e,  althouj^h 
its  r3ASrC  does  not  compete  In  string'  and  filu  handling  with  advanced 
BASICS  of  DO,  HP,  and  DKC  s  PDP-lt.  DKC  s  PDP-11  RSTS  BASIC-Plus  is 
the  mo3L  powerful  mini -computer  BASIC  available,  although  its  cheaper 
hardware  configurations  can  be  overloaded  by  a  relatively  small 
number  of  complex  Jobs,  The  Digital  Equipment  Corporation  Users 
Society  (DKCdS)  is  well  developed  and  well  run;  however,  its 
educational  j?roup  has  not  been  its  strongest  section* 

COMMUN  ICA'f'  WHS  h'QUI  PMRfri' : 

:>ID:^HKAL  corporation,  1?08  S.W,  13TH,  Portland,  Or  9^205  (^?7-0ni) 
Hay  Z'U)p;  Sidereal  leases  computer  terminals  and  communications 
oquipTont*  Call  Sidereal,  Western  Union  and  your  phone  company 
l)tisiness  office  for  ouotes  on  communications  equipment* 


AMKRICAN  UllfA)  CUMPIJTKR  CORPORATION,  1^;  School  Strec^t,  Boston,  Mn-.s 
0,^10B  (617  ??7-B634)  Sonny  Monosscjn;  AUC  sells  all  sorts  of  used  or 
discontinued  stock.  Sometimes  It  s  a  bargain  and  sometimes  not.  Send 
in  your  name  to  got  on  their  mailing  list.  Make  sure  to  get  some 
sort  of  return  privilege  ber'ore  yo  i  send  in      purchase  order. 


APPKNOIX  h-^:     '^IMK  SHAIUNG  SERVICES 

'f  o  foliowinv^  r^ell   "cheap  time'^  to  educational  users  generally  .V)  por 

hour  or  less: 

Gr.N^^HAL  bLKC'^HIC  ^^IMH  SHARING,  2154  N.E.  Broadway.  Portland,  Or  9723? 
(2H.S-69]^0;  OK  oVfers  a  special  service.  BASlC-One.  which  permits 
unlimited  use  of  one  port  offering  a  P'ood  BASIC  and  FORTRAN  plus  n 
lar  ^-o  proc^ram  library  Including  a  TUTOR  packaf^e*  One  port  means 
Tcoess  to  one  of  the  phone  lines  connecting  to  the  computer. 

OH^;G()N  STATt:  UNIVKRSITY,  Computer  Center,  CorvaUis,  Or  97'^'^] 
(7^)ij,^2H(}i\)  JoAnn  Baughxan;  OSU  has  a  very  lari^e  computer  and'n 
r^if antic  on-Hne  program  library  serving  many  parts  of  Oregon, 
Although  theirs  is  a  larp^e  CDC  computer,  OSU  BASIC  is  very  efficient 
and  simple  problem  solving'  should  not  cost  over  $^^-$5  per  hour.  OSU 
service  has  the  advantage  of  exoandability  to  many  other  langu^^c^es 
and  services,  in  addition  to  BASIC,  plijs  their  interest  in  teacher 
traininf^*  On  the  other  side,  OSU  s  system  has  the  reputation  of 
beinx'  lo-nded  between  noon  and  five,  producing  rather  poor  response 
tines. 
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Miii.'^'NOMAH     cousin  KDUJA'^ON     DISTHIC^'^     WO,     Box  166^17, 

/=M'tLirKl,  Or  ILn^i  (^S^,-l8iM),  Jick  SHnt^orland;  HKTCOM  nerves  the 
{\'>rtlan'1  m<aropol  i  l  m  iron  with  vorv  roUable  HP-.^000  C  and  K  BASIC. 
MKTCOM  nas  a  Lar>?c  public  library  an<l  spci'lal  izes  in  servinsr  itr, 
c^ducatlonal  ijr.ors  oducallonal  uaorf;  do  not  h^ve  to  flight  bU5iner>r. 
or  scionbiric  data  procennlnf'  intorostn.  The  HP  pysten  retains  jrood 
rr?3ponso  time  for  sniaU  to  modcrato  jobfj,  rei^^ardlesfl  of  how  heavily 
It  Is  loaded.  MKTCOM  rM]porvi.s<ni  by  Jack  Slinc^erland »  n  dedicated 
'md  oxperionced  Portland  area  m^ith  teacher, 

O.T.I. St     (Orei'on  Total   Information  .System),  K    i^Oth,     Kuj^eno,  Or 

Q'/iJOS  (V^?-SU1)  f^oberb  I.,  Duaonb^^^rry ;  O'^KS  offers  HP-^OOOJ'^  L^AStC  an 
inentionod  above  for  METCOM. 

HOu;IK  VALLKY  COMPILING  COOPKRATIVK,  c/o  Ashland  Hlf^h  School,  Ashland, 
Or  (iJH?-.^m5^;)  Keith  Garrett;  RVCC  has  an  HP-^OOOE  BASIC  syatom, 

Mimilar  to  MKTCOM  and  OTIS,  but  more  limited  in  re^,ard  to  proofram 
featurr^i  and  size, 

?M:iF]C  liNIVKHSITY,  Computer  Center,  hore^^t  Grove,  Or  97t1f)  (3^7-7037) 
Michael  Clock:  PU  has  a  dual  proco,"^3or  NOVA  system  that  uses'  a  very 
c'ood  fiASIC  or  their  own  de.^i^yn,  Michael  Clock  has  a  strong  interest 
in  teacher  training'  and  that  should  be  of  considerable  value  to 
odijca t ional  users. 

UOK)  Canyon    Hoad ,    Portland,    Or  07^:^1  {?2^-9500)  Rusty 

v^hitney;  OMSI  has  a  PDP-ll/iiS  which  offers  a  very  powerful  HASIC 
lanp^uat^o,  OMSI  presently  offers  low  education  rates  but  does  not 
eiT»nloy  3taff  to  support  instructional  users.  Tnerefoi^e,  it  can  not 
be  recommended  to  novice  users  of  instructional  computin^^t 


APPENDIX  C:     A  PHICK  SPl-CTHU^^  OF  INSTRUCTIONAL  COMPU^fNG  SYSTEMS 

^'hif.  incomplote  list  quotes  rounded  list  prices  which  may  he  off  by  over 
year  leases  cost  $2?/month/t  1000  of  purchase  price;  3  year  leases 
rest.  $3'^Vmorth/.M000  (tho  bank  is  cheaper).  Maintenance  win  co/^t  0*7< 
to  KOi  of  new  list  pr^ice  per  ^  month  for  a  contract.  Prices  for 
multi-ij3or    systems    are      complete'    except    for    phone    equipment  and 

terrinals    In    addition    to    the  one  console  terminal           extra  terminals 

o'\at  ^'iOO  !r<>m  ''eletype  Corporation  or  1 1300-^1600  frotr)  your  vendor. 


"*v,y!^    "I ;     in^^xp^nsive  Pooket  or  i)esk*to|>  Cnl  cu latorri 

DA'^AMA'^H  TU^^jOT)  ($70).  ^exns  Instruments^  Inc,,  Dallas;  top  rated  small 
<^Ucnlntor  in  Juno  1073  "Consumer  Heport.-^";  add,  subtract,  multiply 
rti'i  rMvlde  Dlun  constant  storage;  8  dipit  readoiJt 

HAPIuMAN    >iOO    ir-^O),     Rapid    Data  Systems  and  fiouipment,  Ltd,  Hexdale, 
■ntirlo;  lacks  a  constant  switch  b\3t  is  least    expensive    in    the  C!^ 
--irvny  included  a  decimal  point 

HP-V>  (t^^^  ).  Hewlett-Packard,  Cupertino,  Calif;  the  most  powerful 
r:ooK>>t  calculator  under  t500;  many  math  functions  and  several  stored 
-^onrt^nts  provided 

i'lnv/'ip  Proy'rammable  I'esk-top  Calrulators 

WA,V^;  ?:Pnr]  {,J;unoO  lo  jgoOO  and  up),  Wanw'  Laboratories  (see  Appendix  B 
r<ir  addro^sses  for  rr^st  of  systems);  $9000  version  includes  4k  (^095) 
u.^er  iTiemory  locations,  CRT  (TV-Ilke  display),  and  IBM  S^lectrlo  style 
typewriter    output,     keyboard    and  cassette  tape  for  file  storage;  it 

spe-?k3  HASIC 
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(IP-0fl3O  ($6000  and  up),  Hpwlott-Packard :  $9000  version  speaks  a  finbaot. 
of  ponular  H?.?ono  BASIC,  has  n  3^  charricter  rjisolny  and  boaatn  a 
fant  i?MO  llno-oor-minute  thermril  printer  {taken  .special  paper  at  ? 
centfi  per  pa>/,o ) ,  plua  a  caaaetto  for  proi^rarr  atorapio;  a  plotter,  card 
reader  or  typewriter  output  device  may  be  added:  matrix  commanda, 
atrin<r'*5,  plotter  routines,  extended  data  fUo  hanclllnn?,  and  other 
functions  may  bo  added  for  $500  for  each  electronic  modulo;  uaer 
procrrarn  memory  can  be  oxprmded  from  initial  ?K  worda  at  $1500  per  ?K 
Increment*  W  can  supply  a  pro;tram  library  arKi  instructional 
materials  for  their  BASIC* 

'^KK  31  ($3000  and  up),  Tektronix;  $4500  version  includes  function 
keyboard.  cassette  tape  for  proj^ram  and  data  storaP:e,  of 
pro;7ran/data  memory,  a  fa^t  and  quiet  16  column  alphanumeric  thermal 
printer;  extra  devices  Include  Tektronix  ^^010  graphics  display 
output,  X-Y  plotter,  more, memory:  does  not  proj^ram  in  BASIC  and  does 
not  have  a  llLrarv  of  prpt^rams  deslf'.ned  for  hlRh  school  use,  but  has 
Us  own  alp:ebraic  lanf?uap:e  and  a  lar^e  library  of  math  and  statistics 
programs t 


(^HOUP  ?:    Small  Stand-alone  Computers 

EduSyr,tem-5  ($6000),  DEC.  kK  general  purpose  digital  computer  with  1^ 
bits  in  each  word,  plus  a  teletype  terminal;  paper  tape  propramminp: 
system  supports  E^StC,  a  primitive  FORTRAN,  FOCAL  (an  Interesting  DFC 
"desk  C'llculator^^  language  that  supports  recursive  subroutines)  and 
assembly  language;  can  be  expanded  in  increments  of  several  thousand 
dollars;  for  lari^o  expansion,  the  user  should  start  with  an  EdulO,  at 
$7000,  expandable  through  the  other  DEC  ^^EduSystoms"  up  to  the 
time-shared  PDP-6  (Kdu50)» 

NOVA  2/^^  ($5000),  IH;,  3lmllnr  to  above  Kdu5,  except  NOVA  is  a  r^oro 
.soph! sMcated  16  bit  computer;  can  he  expanded  to  support  n  nice  ^ 
user  time  shared  BASIC  system;  if  tnore  expansion  is  envisioned,  user 
should  start  with  f^OVA  2/10  at  $6000 

GROUP  ^:     Add  Magnetic  Tape  or  Cassette  Tape  Storaf^e 

HP-Qfi':iO.  see  Group  2  for  description;  BASIC  lancruaf^e  capsbllity 
oualifles  it  for  Group  4  except  that,  unlike  ;7eneral  purpose 
computers,  It  cannot  be  reproi^rammed  to  speak  other  languai?os« 

FduSystt3m-15  ($10,000).  DRC;  the  next  step  up  from  c:du5    or  h:du10   

the  addition  of  a  single  DFCtape  drive  permits  running  a  rather  nice 
HASIC  whose  chief  advantages  include  fast  execution  (it  is  a  two-pass 
semi-compiler)  and  relatlvelv  large  programs  (6200  characters); 
disadvantages  include  lack  of  true  strings  and  independent  data 
files*  Kdut5  may  be  upgraded  with  an  extra  tape  drive  ($2500) 
pormittink'  copying  and  "backups*^  or  more  core  ($2500)  permittin^t^ 
use  of  FJdu2g  5-user  BASIC  (not  "advanced")*  Add  both  and  get  the 
superb  OS/8  operating  system  —  it  is  only  for  single  users  but  has 
many  big  machine  languages  and  features, 

GROUP  ^A:     BATCH         Group  4  Plus  a  Mark  Sense  Card  Reader 

Add  about  $3000  to  Group  k  for  a  reader  and  you  can  run  "BATCt!"  the 
wtential  for  feeding  a  ;tack  of  cards,  contalninf*  programs  encoded 
by  the  whole  class,  for  rapid  execution  one  aftet  another,  with 
results  or  error  messages  printed  on  the  terminal*  DO  offers  this 
feature  starting  with  their  lar^^er  Group  5  systems* 

GHOUP  5r     Small  Multi-user  BASIC  Systems 

^^:;VA    2/''  (.?^^000)  DG.  8K  of  memory  and  cassette  for  loadins^;  supports 

limited  BASIC  In  fixed  memory  partitions  permitting  five    users  each 

ibout  a  1K  program  (2000  character  max5mum);  a  $3000  upc^rade  to  a  16K 
machine  with  two  cassettes  oCfers  users  a  rather  powerful  "Fxtendod 
BASIC",  And  the  lowest  priced  swapping?,  system  permitting  lar0:er 
programs  uses  a  128K  disk  and  totals  $25,000  for  the  system* 

O 
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Khj'yi^tom  ?C)  (t8«^)(J(>)  Dim',  8K  ot'  mor^^ory ,  :\yrA.om  loaded  frofri  pnpnp  i;,(,f. 
( ^nconvf'r]\onl) ;  up  tn  fj  vo  unr»rM  p^rrnl  ^t.«'vl  with  proBTrim  pnrtitionM 
(,  ()00  ohnrnciern )  •  rioxt  r'anclf^at  multi-uaor  r.v^^t^^m  l,s  K<Ju?S  which 
Mtirts  rjl  $;\'^,000  with  disk  or  ^rnrnrllc  OKCt-ipo  ntorarr  of  pr(n^r'\r^ 
and  dtiti  l*ilon. 


(iHOlJI^  6:    Medium  Mized  '^irr.r  Shnrinr  Sv^^tomf■:; 

NOVA  ?/10  {$'^0,000)  a  }?K  1fi-u?er  .'^yatem  pcrmittinc'  Knhnnced  HAr>lC 
with  eood  3i7.ed  proftrams  <ind  powerful  strini?  and  file  cominnndsi  Thlo 
svnto/T)  tncludOvS  a  ono-h^lf  million  word  fast  swappinf?  dink  plus  two 
casi^ettos  (extra  ca:^sctto  drives  are  tTSO  eaoh)t  ThLs  is  a  vory 
:ittractlve  system  whose  chief  defect  appears  to  be  that  it  cannot  be 
upgraded  to  the  top-of -the-line  NOVA  8^0  System;  to  ^et  the  same 
porforfnanoe  with  up;:^rade  capability  will  cost  an  additional  $10,000 
or  morCf 

HP-;^O00K  ($^^0,000)  fiP,  aIthouj?h  th<>  ?000K  limits  users  to  of  program 
spice  (8000  characters  maximum);  the  system  la  very  "clean"  and  shown 
excellent  response  under  almost  all  normal  Job  loads  even  while 
>supportino'  its  maximum  load  of  sixteen  usersi  All  pro^^rams  written 
in  fiP-2000E  BASIC  will  run  on  HP-2000F  systems  this  is  of  vital 
siP^niflcance  if  you  plan  to  upgrade  your  system*  Some  of  HP  s 
competitors  sell  non-compatible  BASTCSt 

[JP-:^OOOF  ["Small  F"  ]  ($75,000)  HP,  supports  sixteen  users  In  pood  stylo 
usint^  the  very  widely  available  HP-2000F  BASIC  lanpua^re;  a  .tV~^,000 
upgrade  will  make  this  into  the  top-of -the-l  i  no  "Bif;^  P"  that  handle.^ 
^2  users:  also  permits  addition  of  a  lot  of  disk  storape  and  even  a 
line  printer*  POOOF  BASIC  permits  lOK  user  program  space  (?0,000 
character  maximum)*  HP  has  recently  stated  that  the  "Small  F"  will 
3unfort  32  users  in  c^ood  style  If  those  users  are  not  doinf  a  rreat 
deal  of  file  work*     See  Group  ?• 

FduSystem-5C  f'^'ime  Shared  H"  ]  ($'10,000  and  up)  DFC;  supports  tr>  ?i\ 
users  (more  core  should  be  added  for  more  users  at  about  $^^000  per  8k 
of  core):  you  should  evaluate  the  lidnSO  carefully  for  more  than  1? 
U3ers;  TSS8,  as  it  is  known,  is  unique  anonp^  small  systems  in  that  tt 
nroviden  each  user  a    virtual  computer    of    his    own    with  disk 

services  and  acce.^r,  to  other  peripherals  such  as  DECtape  and  line 
printer  If  available;  the  user  may  use  the  fairly  nice  TSSB  BASIC  or 
FOHTHAN  or  ALGOL  or  assembly  lanc^uac^.e.  The  rub  is  that  a  HK  PDP-8  is 
rather  llmltiner  and  If  a  powerful  strlnvr  nnd  file  iiandllnp  BASIC  is 
essential  for  your  work,  TSS8  mlt^ht  not  do  It*  With  extra  core  and 
tho  several  peripheral  devices  a  computer  science  teacher  might  want, 
'^SSH  systems  usually  come  to  about  $50,000  to  $60,000* 

FduSy3tem>:iO  f  "Mini -R.STS"  ]  ($50,000)  DEC;  a  ^DP- 11/^0  based  BASIC-onlv 
nyr^tem  for  up  to  eii^ht  users*  It  features  a  very  powerful  version  of 
^^^ASIC  —  the  most  powerful  and  flexible  available    on  minicomputers 

  but    response  time  suffers  if  several  big  ^obs  are  run  alongside 

typical  problem  solvintr*     J5,000  to  $10,000  of  additional  memory  will 

ocrriit  16  usprs  to  run  reasonably  well   the    basic  configuration 

includes  ?8K  to  ^OK  of  memory  and  may  be  expanded  up  to  }2HK  16  bit 
words  of  memoryi  Additional  peripherals  (taoe,  card  readers, 
printers,  etc.)  may  be  added*  Installations  seeking'  to  expand  to  32 
users,  Includinr  many  compute  bound  iobs ,  should  consider  starting 
their  HSTS  sYsten  with  a  PDP-n/il5  instead  of  an  U/kO;  this  will 
cost  about  $7,000  extra. 


GHOliP  7:     Larc^est  Minicomoutor  Systems 

NOVA  8'I0  (  f  mo. 000)  1X1;  a  system    that    nermits    a    ^ood  16-u:^er 

Kxtended  f^ASlC  to  run  in  one  memory  partition  while  real  "batch**  jobs 
in  ALGOL  or  FOR-^HAN  IV  are  run  in  the  other  oartition.  This  system 
includes  10  million  words  of  disk  stora^^e  and  a  one-half  million  word 
swappinc-  disk  plus  cassette  taoe  drives,  an  intellirent  multiplexor 
and    a  medium  speed  line  printer;  many  other  peripherals  m.ay  be  added 
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(plottors,  readers,  punches,  etc).  Vendors  do  not  push  the 
theoretical  32-.ufler  capacity  of  this  syatom  but  sup'RCSt  addln^r 
additional  3?K  CPUs  and  assorted  support  ?ea>^  to  the  system  for  each 
addttion.il  16  users  at  a  cost  of  $2*3,000  per  increment*  Not  many 
such  over  16  user  systems  exist,  so  "buyer  beware*'* 

HP-200nF  ($100,000)  UP;  a  dual  processor  system  that  is  the  most 
popular  ''BASIC-box"  in  the  country*  The  HP-v'^OOOCv \nij  now  V  have 
endonrod  themsolvci>  to  educational  users  because  '  they  retain  i^ood 
r4>sponse  tirio  even  when  fully  loaded  with  ?2  users  I  Response  time  is 
usually  taken  to  be  the  delay  exoerlenccd  by  a  teletype  user  who  has 
Just  hit  the  carriage  return  at  the  end  of  a  lino  —  times  in  excess 
of  two  seconds  start  to  become  annoying,  ten  seconds  is  considered 
obnoxious  and  some  systems  do  worse  than  that*  Another  reason  for 
their  popular,lty  is  that  they  are  rather  uncomplicated  to  run  and 
have  a  much  better  "mean  time  between  failures''  record  than  their 
closo  competition,    HP  conservatism  is  the  strength  of    the  HP-2000F 

system  nnd  its  weakness  six  dit^it  precision  is  limltin/^  and  their 

fallurf^  to  provide  one  or  two  dimensional  string?  arrays  on  a  system 
that  Is  in  such  wide  use  is  hard  to  forgive.  Yet,  its  wide  use  is 
naklnt?  it  almost  a  quasi-standard  educational  BASlC  lanp:uap:e«  Beware 
of  runninp;  lobs  requirincr  a  ^reat  d.^al  of  random  data  file  handlin^r; 
when  the  2000F  is  heavily  loaded  with  other  Jobs,  rapid  processing  of 
riant  jobs  will  be  sacrificed  to  maintain  responsiveness  and 
throuc^hput  on  the  "normal"  lobs.  The  2000F  can  add  considerable  disk 
space  ,Tnd  can  also  make  a  line  printer  available  to  user  lobs* 


(:M00,O00  and  up  )  DEC;  if  the  svstem  manager  limits  the  dcc^ree 
to  which  n  bip  Job  can  steal  the  system^  then  a  $1^^0,000  3?-user 
RST.S/t:  system  built  around  a  'fP.'K  PDP-11/45  havins?  16k:  of  fast  MOS 
memory  is  probably  practical  althouf^h  the  potential  user  should  try 
out  his  Job  mix  in  a  major  test  before  buying*  As  stated  elsewhere 
in  this  article,  the  HSTS  BASIC-Plus  lan^?uap:e  Is  the  most  powerful 
minicomputer  implementation  of  BASIC  now  available.  Unless  limited 
by  the  system  nanap'er.  user  iobs  may  grab  relatively  large  amounts  of 
core  plus  peripheral  devices  in  order  to  enp:a;^e  in  pretty 
sophisticated  dit^  orocessin;'  tasks  in  BASIC,  Its  file  handling 
abilities  and  optional  fifteen  diprlt  precision  invito  applications 
more  complex  than  normal  instructional  or  problem  solving  educational 
Uf5es.  t3y  ;iH(iincr  lar^^e  40  million  character  disk  ^  packs,  lino 
Printers,  card  readers,  and  other  commercial  data  proces5^in<? 
peripherals,  HST3/b:  systems  can  quickly  reach  $200,000  and  more  for 
'i?  u.ser  3ystem55.  HSTS  s  unusually  flexible  file  handllnp:  permits 
rvndinp'  and  writint?  on  7-track  or  9-tr3ck  maFnetlc  tape  in  most  of 
the  formats  commonly  used  by  IBM  and  other  commercial  data  processing 
sxyf^lems*  Hic'^Test  cxipe  is  that  with  32  users,  the  OLD  command  takes 
forever  on  bU'  files-  Users  are  therefore  urged  to  save  COMPILKD 
proi/rams » 


APPKNDIX  D:     Some  BASIC  Lanpua^^e  and  Other  System  Features  to  Examine 

Wh^-n  comparincr  "features"  between  different  systems,  this  list  might  help 
draw  your  attention  to  points  of  difference  between  competitors. 

n   Is  machine  binary,  octroi,  hox? 

2)  Whrst  is  its  word  len^^th? 

'O  What  oporatinfT  systems  available? 

h)  What  non-BASIC  lanruac^es? 

S)  Vlell  or^7ani7,ed  users  ctroup? 

f )  How  much  can  system  prow? 

7  J  How  much  is  extra  memory? 

ft  J  BASIC  compiler  or  interpreter? 

9)  What  peripherals  available? 

^0}  Does  vendor  dincouraro  flexibility? 

11)  Mean  time  between  failures? 

12)  Are  data  files  compatible? 
V<)  Are  data  files  executable? 
1^)  How  many  digits  of  precision? 

1^;)  Are  numeric  variables  dimensioned? 
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17 )      iximiKr  ntrMnv'  b'njM^h? 

1B)  Mlt1r>lrMruMnf'  ( .Mub:;tr  1  n^i  ruO  V 

\'))  Pro/rvm  lpnrr,h  limltn? 

.>1     Data  nic  limits? 
??)  String  functlonH? 
p;^)  Strlnr  (^onoatonatlon? 
.^^0  Uner  defined  functions? 

CALL  external  subroutinos? 
f^h)  M.^xlmum  numhcr  of  data  filt^M? 
?7)  S^Quential  rilc.n? 
.?B)  Record -oriented  filer.? 
;'9)  Handon  loocns  files  (how?)? 
^0)  Virtual  array.s  on  disk? 
^^)  Pf^INT  USING  (output  formattintr)? 
"<?)  Mnxinunn  numbor  of  users? 
'^})  bntch  nermltted? 
'^'0  Response  time? 
3^>)  Hardware  float Inc^  point? 

oupport  hi^rh  .Tpebd  terminals? 
?7)  List  price  of  f5ystorr? 
'^,8)  l5  softWtire  bundled? 
yi)  Matrix  operators? 
•^0)  Dooloan  operators? 
^H)  Availability  of  Food  maintenance? 
^\?)  How  much  attention  required  by  operator? 
^"i)  Kile  security  arranpements? 
^J-*)  Cost  oer  word  for  extra  disk  snace? 

Kxecution  time  for  benchmarks  typical  of  yonr  lob  ^itx? 

(Be  sure  .system         typically  loaded"  durlnf^  test) 
^if>)  How  easy  is  it  to  crack  user  ID  codes? 

M7)  What  sort  of  accountinj?/bi  I lin(?  Information  is  renerated? 
^IH)  What  is  it  that  you  really  want  to  do  that  needs  a  computer?! 


^houandr>  of  teachers  now  purchase  computing  power  to    help    them    in  the 

clas.^roor.    most    currently  use  the  BASIC  lanc^uar^e  on  a  minicomputer- 

'^'he  ^nosl  important  parts  of  f^he  "system"  include  students,  trained 
:,<N^oti^^rs ,  instructional  c^oals,  and  the  computlnt^  machines  and  the 
r^rovr^ns  that  tell  the  machines  what  to  do,  '''his  5;oido  is  intended  to 
N'^lp  n^-^vioes  in  their  encounters  with  vendors  of  computer  hardware  and 
t       '-ompur.cr  prof'rams  (software)  most  commonlv  used  in  schools. 

^nt.ure  elitloru',  will  contain  corrections  plur^  additional  sections*  K?irlv 
iddillons   ire  expected  under  the  headini^s: 

'•'othodn  for  Comparative  Saturation  Testing'  of  Computing/  .Systems 
J'esijltn  from  Saturation  Testinc^  of  Some  Comoutin!^  Systems 
C om  0  u  t      B u  z  z v;o  r ^1  s 

Please  i'orward  corrections  and  3U«7c'cstions  to  the  --author  in  care  of 
O.CCtK,     so  that  you  can  heir  benefit  readers  of  future  editions. 


CHEDUS 

V(^ndors     nnil     0,C,C,K,      members     tv-jve    much  help  in  oreparinf?  this 

:t\j\(\e  particularly  Ashland  Hirh  s  Keith  Garrett,  U  of  0  s  Dave 

^^oursund,  and  the  Oregon  (Graduate  Center  s  Rorer  Eiss,  Cliff 
Mo'jlton,  darry  Smith,  and  Linda  Crai^^  of  OMSI 's  Community  Research 
Centor  al^o  provided  essential  help  as  did  OMSI 's  Virginia  Kupfer 
and  n''>rothy  Mason.  , Credit  should  also  be  Piven  to  QMS  I  for 
indu];*inr  the  authc^r  s  interest  in  computlnj/  loner  enough  for  him  to 
learn  what  he  knows  the  hard  way  and  for  encourap'in^  him  to  write 
it  down* 
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by  Mi  Iv  \h\n  I 


IN  I  UODilCTIdX 

Tmis  article^  discusses  some  of  tho  comnioii  aspects  uf 
coniputoi'  tcrmiiKils.     A  cofiipiiier  tcriuiiKjl    is  a  device  that  is 
used   In  eniii;ium  iea  t  o  wiM)  a  eoiiiputer.      It   usually  lias  both   I  he 
^'•'''iU"        traiu^fer   i  n  I'oniui  I  i  oi^  froia  tlie  computer  to  the  user 
([H'Miter)  aful  an  ability   lo  transfer   iiiforMation   from  the  user 
t      t  he  coniputcr   (  );eyh,oa  rd  )  . 

Ihe  diav;ram  b(Mow   illustrates  the  rol  at  ionsh  i     between  the 
cc>mpu  t  e  r  and  t  he  t  c  riii  i  na  1  . 

 -/  h~-<\ 
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TI^niSilAliH  COMI 


>  1  ITl  '  !' 


i'i:i!"'I.\AI,S  COUi'I.KRS 


(:(lM>illNTf:\Tl(^NS 

lOii  rpMr.NT 


Tacit   rorminnl    is  coiuiccU^l  by  a  v/irc  or   sot   or  u'i  res  to  t  he 
C();nj>ut  c  f  '  s  coiiunun  ica  t  i  on  cciu  i  ]iiiirn  t  .     Messnijos  are  sent  I^ac'-  and 

over  ilio  wire.     Terminal      1    illustrates  a   terminal  that 
IS  en,-,,  (.H- (  ,<!  by  a  sini\le  wire  ilirectl}-  to  the  comnuter.  Terniiii 
■■''■■^     ■••  •■^   illustrate   the  eonneetion  oT  a  terminal  tliroupl, 

suiiK'  lytH-  of  swi  tchcd  network   fn'.-.onc   1  incs)  .     A  small    t  i  me  - 
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-       liii'ht    ^(ippnrt    liiH  ^]{]''.        More  t  (M"m  i      1  s  . 

'i  !^  t  s  :irticlo    \>  \sv\{[^:n   \'or  l»olh  adfii  i  n  i  s  t  r  m  t  o  r  t  lu^ 

tiMclici".      It   suppli^'s   inrivriiia  (  iofi  Ui  I  "h>  ail  m  i  n  i  s  t  ra  t  or  who  is 
cons  i  vio  r  i  ny,   tlio  purcliasr,    lease,  or  rental  of  a  Ivrniiiial.  It 
suiMu-,;ts  sofuo  ojuMMtional  considerations  for  the  teacher  worl  - 
K  i  t  h  a   t  c  v\\\  i  na  1  . 

T!^  i  s  article  describes   the  conijujter  tenninal  and  some  of 
the  ';on  s  i  de  i-a  t  i  o       arfcctii^v;   its  u:*e.      It   ex|)lores   thre(^  com- 
;'U)n   ler:;;inals  with  a   few  of  t\\(^  available  options.     Then  it 
djsca-ses  methods  of  connectinL^,  terminals  to  a  computer.  Tlu^ 
inmsMMJ,  of   [he   terminal    is  consi(h/red  next,    incliulinj',  some  notr--. 
on  e  1  as  ^  rooii'-  location,   laborat"or\-   [ocaticMi  and  geruM^a  1  acce^-iS- 
ti'iiit}-.      I'or   the  person  cons  i  der  i  n^t;  el^ta  i  ?i  i  n;j,  a   terminal,  thei^e 
is  a   section  on  suf)pliers  of  ternifials  and  wlio  to  oo  to  for 
'ivt  V  i  c  e  . 

\')   this    section  ue  are  ^^^^oini:  to  d(M'ine   three  t\'nes  of  eom- 
jMiter   tei'iri;;als   anci  otan'ide   some    i!\si|t!.ht    i  lU  o   their   iAatiiro  and 
■^:^tii]Kv.     "jiu  re  iwc  many   i\-pes  of  comiuiter   terminals  available, 
^■ut    u'.^  have   I  i  m  i  t  eci   this  discdssioa   i  e>   the   tclcts'in:  (TTV), 
cati^Kie   ray   tube    fCP/D  ,   and   the  cardread-r,     Tliis  limitatio-: 
v.as    imposed   to  keep  tiie  :iuiteria]   rele\ant    to  comptuinj;  bolcMv 
the  CO  i  1 oge    1 e  ve 1  . 

A  i-errninal  is  a  straipi',e  animal.  It  ec>ines  in  i\  large  vr,}'- 
'^^t  -  ''>{'  si  :es,  shapes,  speeds,  colors,  kinds,  models,  oi'^tior-s, 
price   rani-e^-:,   and    levels  of   i  n  t  e  11  i  i;enc  e  .     Terminals  range  Trom 
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tl\('  vory  sirinle  teU^typc   (TTVl   to  the  !\i\^hly  covAnlcx  and  inlcl- 
liv'-!5i    :i;icliif!o  uhici:    is    in   itself  a  computor  s;.*stoiii,  hiii  is 
u^;v^l  i\<  a   I  orni  i  na  I  . 

!t    i a   fi' i       ci\  i  lit',  cxnerioiicc,    i  lulciul  ,   to  \;a  1  k  tln'ou)',!) 
5  1^^^    li)ri/sr    (if  conj^iiivM'   lc]^i:iinal   tM^tions.      l^ixMi   c  c);r-  i  cU*  ]' i  nj^,  a 
«    I'ni ;  na  1  ^   nm^  inii:>t   ^Ic^cidc^:     klo  you  want   a  niachinr   that    is  full 
^li^^'^l^^^,   l.air  dupU'N,   oclioplcx;  a   KSK  or  aa  ASli ;   docs    it  noc^  an 
ai  ous  t  i  c  coil[^hM■  or  a  data  access  a  r  iMiii^omciM    (])AA);    tape  or 
iion   t:\in  -    :>huulJ   tiio  spood  l)c   1  0  cliaracttM\s  per'  second,   .VI  char- 
:U'lors  ]>cr  second,    'SO  characters   aer  second,  or  varialdo?  Th.e 
prolyl  en  wiiii  cc^nniuer  terminal  ojUi  on  s   is   tlnat  tlicy  are  as 
VK^culiar  a^-  any  Sv^t   of  conditions  you  v/ili   evei'   fii^d.  hach 
coii^piii.^r   -.ysicni  has  a  set   of  cliarac  to  r  i  s  t  f  cs  \;liich  make  certain 
t'M'iiinals  neMer   than  others,   and  wliicl:  make  certain  [(Mn^iinal 
'M'''^^'-"  uhsnliite  n'^'essities  and  other  o]itioiis  coinpietely  iin- 

i/cessarv.      This  article  will    shed   soiiu^   li^ht  on  a   fev;  of 
a  ca  i  1  a  h  1  e  <  i  p I  i  ons  . 

'ike    1  TV 

TiiL    t(^Iet}pe   ( TTV )    is  one  of  tlie  cheapc^st   and  most   ava  i  I - 
a'-le     \    tori;Tinals.      It    is  also  I  lie  dev^ice  most  common  1\'  sen^^n  in 
^m!  Ilea  t  i  ona  1      a  v  na^  licen  t  s  .     The   teletype    includ<^s  a  eomnlex  ni'int- 
in;,  i;ecinniism  that    is  not   luilike  an  electric  tynevritor,  T!i(^ 
/■risit   head   forms  ci;aracters  on  a  continuous  roll   of  paj)er»  T;ie 
paper    (hard  cop\'l    is   then  torii  off  by   the  user  so  he  can  carry 
kis   res  alts.  ;)v.:iy.     T!ie   ti,let>'pe  has  a    leyboard   that    is  nf^irl\- 
iderit  feal    to   th«^  standard   tN'pcKritcr,     As  cac!i  key   is  depressed, 
a  cocbj    IS   formed  and   scMit   to  the  computer.     Th,e  teletyju^  must 
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\)r   ])  I  :k-(^1    U|ui!^   :i   do  s  k   o  V    I  a  h  1  c  . 

itc   tclclNj'L'    i:    |>  rc^ti,'i)> !  )  inost   .'ivMilahlo  aiui  c^asicvM 

io  ropaii-  u)ij;  j.^scd   i'or  ^'f^inpn  t  r  r  i'oiniiiin)  i  ('m  t  i  oiu^ .      It   will   j>on - 
crallv'  cost   ahoiit   S0()-7()  jut  riofiMi  to  roitt  a  (iTniinai,  or  ahoiit 
■'"lO'M^  lo  ]Mircb,aso  onr   I'rom  the  tolotN'nc  i'acto)-)',      in  cithoi- 

tcManiral    is  not  coniun^tod  directly  to  the  coin|)utor 
(eunnecl  icM)  kits  cost  about   51^0)   t  Ikmi  you  will   have  lo  add  to 
1  hi   cost   oi'  the  device  t\\c  cost  of  th.e  tclcplu^r.e  line.  The 
1  iae  charj'os  art^  oftea  billed  standard  tuisiiiess  rixto  and  com- 
liioaly   rua  between  $17  and     2^  jve  r  iiouth.     Ovei'all    the  cost  of 
rental    is  usually  estiiiiat(Hl  at   <:iOf)n   I.^Of)  prr  year. 

('cnerall)'  one  has  several   ;>(>ssihlc*  sour'cos'   foi  ac(|UtrirM', 
a   {v]<:tv\H:,     Mafiy  tC'leph^oru    c(Ma]>a!iies  reiU  or   lease  teietyoes 
to  tluMr  custo:iiers.     Western  llnioa  rents   teletypes  at   a  vo'V 
coi'i[^(/ 1  i  t  t  ve  j)rice.     Tl\ey  l.ave  sjUHMal   rates   foi'  educational  in- 
stituti<u>^.     In  larv;'^  ViUM  roj^o  1  i  t  a  n  areas  special   service  com- 
v^aniis  exi^t   \chose  nnijor  activity   i  ^,   the   lease  and  naintonaace 
oT  lei^ininal   eciuiiMiicnt.     Within   the  nie  t  :  o]io  1  i  1  a  n  areas   it  is 
''''  ry   ::Msy   to   fitid   service   for  teU^typcs.     llowcAH^^r,    in  rural 
•  -t    nl);ht   he  difficLilt,    ii.deed,    to   find  persons  v;ho  could 

rfrcci    :-a  t  i^-fa^'^or}'  r^r^airs  upon  the  f(^^otypc, 

llierc  ai'c   t\v'o  main  options   t.hat    pimmI  to   ]^>r  discussed  v;  i  t  !\ 
tao   tehMN'ao.     The   first  ot^tiofi    is   tlie  teletypo  model.  While 
icletvpcs  coint^   in  man\'  mod^^ls  suitable   ''or  ccunnutcr  coinmunica- 
:ioi;s,    two  of   them,   tlic  modcM   33  and.   tiu'  inodc^l   31),   j^rovidc  the 
Krtat':/:^t    num:uM'  of   featui'es  d\    tl:e   lowest   cost.     TiiC  model  33 
Jolr'iypc    is  a   relativcvly  >nall  device* 
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Tlio  tulvanta[\os  to  thv  inodt.M   'S3  are:     rc^lalivo  i^o  r  I  a  h  i  I  i  t  y  , 
low  co:^l   and  commonly  availal^lo  nin  i  nt  cMiancc  ,      the  model   ?ir>  t  1 
ctypc   is  a  much  larjjer  and  more  dorahle  iiai  t  .     It    is  tliroc^  to 
four   times  the  sir.c  of  the  model   33  anti  usually  comes  uith  its 
own  stiind.     The  modi^l   3S  teletype  hcas  far  fewtM^  inalntenance 
problems  than  Ih.e  model   33,  but    il    is  much  more  difficull  to 
re])a':r  when  it  does   fail.     In  addition,    it   is  much  more  ex|)en- 
s  i  ve  to   rent  or  to   lease.     Wlienevc^r  you  Inive  a  sittiation  wliere 
j^ood  repa  i  I'  facilities  exist   and  you  need  hi^^hly  t^eliahle  ter- 
minals,  the  model    33  has  advantaj^es  over  the  model   33.  In 
thiose  s  i  t  tia  t  i  oi'is  uhere   the  repair  facilities  are  not  so  t^,ood  , 
or  where  terminal    failures  m'c  not  critical,   the  model  33  is 
c o mp  1  e  t  e  1  y  s a  1 1  s  fa  c  t  o r  y  . 

P.otli  the  model   33  and   th(^  model    33  TTY's  provide  only  up- 
)>er  case  clKiracters.     A  fairly  recent  addition  to   the  T'lY  pro- 
duct   line   is  the  model    38.      ft  ]n*ovides  hot!'  upper  case  aiul  low- 
er case  cliaracters,   and    is  jn'iced  luUween  tlie  model   33  and  model 
3  3  pv ices. 

A  second  option  normally  available  on  thv   teletype   is  the 
reaper   tape  unit.     Tiie  unit   includes  l)olli  a  pai)cr  tape  ]>uncli  aiul 
a  parser  tai)e  reatUM'.     Without   the  tape  Uiiit   the  teletyju^   is  a 
KSR   (Keylioard   Send  and  lieceive).     Witli  the  ta[>e  unit   the  tele- 
type   is  called  an  ASP   (Automatic  Send   and  lU^ceive).     A  tape 
unit   mrnlel    33   is  an  ASR-33  and  a  model   33  witliout   tape   is  a 
KSR'3S.     The  KSR  teletypes  are  significantly  smaller  than  the 
AS!\  tyr^e  macitiiies.     The   tape  unit   has   several  advantages:  it 
provides  a  way  to  ]M'epare  data  \\hcn  the  computer  is  not 
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ope  rci  I  i  lu^j    it  pnundcs  nuxilinr)'  :;torajic  for  t>rov>r;nns:  ;nut  it 
C'An  bo  used   lo  Duixiini.'o  t  t  o  uso/cost    r:itio  of  the  co)jH)]itcr,  }>y 
Piuichini;  proy;r;nr.:;  aiul  Jala  ofl-linc,  and   iIumi  calling;  ui)  tht; 
CdDiputcM'  onl)'  to   transnnt    iiiforinntion  at   inaximum  tyninji  stuhhI. 
In  a|f'U)St   all   cdnca  t  i  oncU   sc'ttiiij*s   the  tape  iiiii  t    is  hirjily  de- 
s  i  rah  I o . 

In   [he  uso  of  the     teletype  one  shouUl  krvp   in  mind  tht^ 
considerations  of  jnn^t  ah  i  1  i  t  y  >  noise  and  durability.     The  tele- 
t>'pe   is  );enerally  not  a  very  portable  device.     Tlie  model  33  and 
model    3S  can  be  moved  within  a  building  if  a  strong  cart  is 
made  available.     The  model   33  can  even  bo  moved  outside  of  a 
buildini;  if  one  remembers  tluit   it  must  renu'iin  uprij^lit  at  all 
times    (soine  thirijis   fall  apart   if   it    is  not  n]n^\^ht),     A  TTY 
is    fair  I)'  beav)',   so    it   usually  rouui)^L\';  two  ]>ersons  to  movi> 
'u\c  any  distance.      In  operation,   ruMse   is  a  lu^olilem.     The  inndcH 
aTi   is  about    3r>';i  t|uicter  than  tl\e  laodcl  33,  but  neither   is  quiet  , 
hi  study  done  of  a  siiuill   room  conlaininr,  f)  teletypes  and  no 

:;ound  ah-atenuMU,    tiie  soiuul   IcvtH  was     found  to  l^e  liigl^er  than 
the   fr^.iera!    ]i]iu  tat  ions   for  a  Jic^sel    truck  t  )^ ^-e  1  i  r]p  at  6P  miles 
'^■1'  -;our  and   thirty   feet  away.     (loneraliy,   the   loletync   is  a 
very  reliable^  and  dural^e  unit,   but    like  any  jiiechanical  device 
it   ai^solutCiV  nust   have  routine  maintenance.     That  laaintenance 
\v-   rccom;nended  evc^ry  ovlu-r  month  or  every  7  50  hours  of  oi^jcra- 

i  '>n  . 
The  (TM 

Aiiot'icr  c<;mmonl)'  us';d   termiiuil    is  the  (TvT.     The  CT/F,  Catli- 
(3de  liay  Tulu*,    is  simply  a  televisioi\  set  with  an  electric  key- 

O 
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^''^.Mvl.     I'atiKM*  \h[\\)  \>r\m'\ni\  by    hnpact   onto  p:it>or,  CIVI 
I'MMvi''    l^Mt<M's  hy  wriMiu!.  with  an  olovMron  \\\\\\  on  the  'I'V  scre(Mi. 
(TfK'so  lorfrnh'ils  usually  do  noi   locoive  regular  TV  'M'ot^rainsl  . 
V.  \  0\   \]\\:^  nctluul  of  T>ri  rating,   th.oro   is  no  availahlc  liarU  copy, 
ill  sx^iH^'  ai-n  ;  ieat  I  uwr'   t  i,  i  s   i  .'>  a  distinct   advantay:io;    in  (Mlicrs  it 
i      a    iiaiul  i  (.MM  . 

Mm'  (M'T   i-.  usiiailv  r  ;>ti  -  ulc  ra  h  1  y  s)i\allor  than  tho  TTV  .  11 
i  >  ii:-.ualt\    .^iiia  1  1   cmioujMi   [o  [)ick  Uj>  and  carry. 

ihf  cost   of  a  CAl'l    is  c  \  t  rci;U' 1  >'  variable.      It   can  hi'  oh~ 
t.-iir.rd  a.-  v'hoaplv  as  a   tolets'fH"   i'or  very  rostrictod  models  and 
v:an  i^'in,i',c   in  i>rirc>  to  ovo)'   f  i  vc  -  t  liousand  diUlars.     Tlic  s  initio 
iM\M!e";t    iua>l>lcin  with  the  (MIT  cost    i)ivolvos  the  v)inioiis.  The 
"standard''  Cl\l  does  not   have  a  paper  tape  unit   or  j^rovide  h.ard 
e(>;:y.     IViict]   tlies<;  oi^tions  ar(^  kidded   tliey   tend   to   inflate  the 
co^,t   ^>i'   ihc^  Nlevieo  s  i  I'a^  ^    i  ca  n  t  1  >  .     As  \<\{h  t\]c   teletN'tn;,  if 
thr  IIP.  it    i     not   wired  direct])'   to  Mie  connutor,    lliero  will  he 
iinc^  charu^^:-    associatc^d  wit^'    its  usr^. 

(hi  f  !'e  n  t  1  >•   the  C!RT   is  not.  iu\arl}'  as  cojiinon  as   tiae  T'l'W  In 
the   future,   hovcvcVy    \\]c  CWY  will    proi^al^J)'  l»ecoi!ie   llic  most  coia- 
.Ui)\\   te-rri.Mcii    i  I.  use.     '^evMUse  thc^y  arc  only  used  as  computer 
t  eri:.  i  na  I ,    liuv  CKI    is  a    little  liarder  to   find   t'lan  t]ie  TTY. 

jiost   i;ie  t  ro]M-i  1  i  t  ar.  area:-  availability   is  reasonably  }::ood  and 
r^MVur   faeiiities  exist.     iUuvever,    it    is  co]Mmo!\  that   tlie  ter- 
ininal   !ias   t  cj  1-e  returr.ed  to  tlie   factorv  for  rep;ur,  altliouc!.h 
rnaay  of   tlie  Cf>nn>anies  ai^e  contraeting  with  various   local  firns 
' o  do  w RT  s  e  r  V  i  e o . 

'(here  are  several   coiniiion  tyjuws  of  CRT  tenuinals.     The  least 
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rx'H'n'^i        ]'\    the  !Ia::c*Mi(H*  (ui  i  t    wiiicii  i.i)sts  :if^nut  s;iiiu"  ;is 

a   tiMrlypo  ;u\d  has  rathor   limil(Ml  ca     h  i  !  i  t  y  .     Tl\o  liinitations 

tlic  unit,   ho>.tn'or,  do  nol    ir.tLMM'or  with  man)'  oT  the  coiiniior: 
rducal  iotial   a  [>;>  1  i  ca  t  i  o  ns  .     A  scconc!  type  of  t(Mannial    is  the 
^laart   lenr.inal    \\kv  t  ho  nata;>oh)t   >W>nn.      it    is  an  example  of  a 
^•'^'1    leriiiiuil    t  aa  t    is  actual  ly  a  computor.     A  third  type  of  CHT 
l^'J'^^^inal    i  ^;   thr  I'.raphies  dl/>pla)"  iiMaiiiual   such  as   the  'iv^ctronix 
IfW).:,    (Tliese  are  maiui  f  ac  t  u  rod   in  lU^avertcwi,  Hregop.,)  U'ithiii 
each  class  or  type  of  CRT  terminal,   lliero  are  a  multitude  of 
hrands,   costs,   and  0])llons.     One  of  t]u)S(^  configurations  might 
he   ivleal    for  ycair  application. 

The  outstanding;   feature  of  rhv  VM'Y    is   tlie  noise.  h.xco))! 
for  an  occasional   "heej)"  tlie  tertninal    is  coiinletely  silent. 
I'Ur  silence  tiiaLes    it  an   ideal   candidate^   for  an)'  situation  where 
hn\i«c  volume  of  noise   is  unacc  ei)t  al;  1  e ,      It    is    ideal    for  use  in 
I  h  v'    .>c  ii«>o  I  , 

Tin  ri!T  i also  a  vci}'  dural>l(^  iracaiiie.  It  is  almost  m 
tir.'iv  olid  slate,  and  Mu  I'o  ar?^  few  Having  parts.  The  onlv 
r^ii'ts   tlial    actually  riove  are   the  ke)'s  oi^    [he   fcyl^oard.  Witli 

i  ev    iiiovin^;   parts,    !  )u   device   is  ;iu^]il\'  I'elial^le  and  seldom 
^^■'^d  -   I'ceaii^.     Hdica   it   doc^s   fail,   a  cii'cuit   iniard  can  often 
-      r<.niu'-d  aful   reivlace!.     T^;c  only  routine^       i  !it  cnance  neolee 
r-   or,  W^\-'M)ard.     (^ften    it    is   [:i)t   maiiUained   Mt   all  hut 

(fp(;rated  until    it    fails.      This   praclic^'    is   dangerous  with  a 
loictype,   iait   entirc^ly  :i  cce[)ta;^  1  e  wit!i  a  CRT. 

ThcT'c  a^'e  some  yry   luc^-  ui^es   I'or   \hc  rU'f   termiiial,  ^'Irst, 
si  leal     '))eration    is  a   Messing.     Srcont!,    the  device  usual  !>' 
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is  capabU^  of  chanv;ing  sprods  and  can        adjustod   to  a  hiidici 
rate  of  t  lanssn  i  ss  ion ,    if  your  coiiijuitot'  has  mnltiplo  speod  a^- 
coss.     Third,   tlie  Sv/rocMi  can  he  ^'asily  sron  by  othrrs  which 
iiiakos   \\    idoal    for  d^  nions  1  ra  t  t  on  or  for  video  tapi'\t^.  I-ourth, 
the  Lick  of  lia  rd  ^'opv  !ins  '^oiuo  distinct  advantai^rs:     thoro  is 
no  pai'or  t<-  order,   stoc!  ,  and  sloro;    tliorc  arc  no{   stacks  of 
usci.l  nnpcr  all   about    Ihc^  i'(M)(n;    it    is  ]MM'fcct    for  tostifi^^.  when 
an  exam  needs  to  bo  kept   secure;   and   it    is   isleal   for  nroi^rain- 
mini',  ai^J  pro^^,  ram  iiuulif  icat  ioi;. 

The  (•  .  rd  !U>adcr 

The  optical  card   reader   is  a  ^bnMC(*  that   has  s  i  :;n  i  [' i  c  a  n  t 
i"-'tenlinl    ii]  rhe  scbool    en  v  i  i'onfuc  n  I  .     TIjo  ojitical  card  r'eadcw 
"i)tai!^s    inrorniation  ])>'  [lassinj^  a  card  i^ist   soiii':^  lir.ht.  sensors. 
Wherever  a   hx)le  or  pent*  i  1    iiKirl:  api)ears  on   t '-^e  car(1,    1  i  rJ^  ^  i 
rellected   \o   the  sensors.     The  cnrd   readei^  c<o]ivcrt     cnrd  marks 
(:-laiidi!rd  card  code)    \])to   \]\o  coi\c  used  !y   \hr  coinjuitcr  s)\stc}ii. 

"?jc  ^)i^tical   card   reader  lias   two  main  c  oii  f  1  gur  a  t  i  o  n  s  .  The 
MJ*st   o     t:;ese   is   the   cai'd   to  tape   [umch.      f^irds  arc   fed  ir-to 
(he  roa<b.'r  and  a   paper   ta|u^  con  ta  i  n  i        the   infornialion  on  the 
'-^^"ds    i      puiUiod.     ^rb  i  s   tape  Cdw   tiicr   be   fed   into  the  teletype 
'"I  'iM;  1    for   t  ransT:;  ;;s  iof'i   to   the  cc-iputer.      [r   th(^  second  op- 
tlon,    the  card   reader  va^rks    ii^  conjunction  \s' i  t  b.  a   terniiiial  and 
is  cai)ahlc  of  t  r  a  asm  i  1 1  i  ii^^    lirectJy  froin   thi^  cards   to  Xho  con- 
:utcr.      tn   this  con  f  i  j;ura  t  i  on  ,    tiic  terminal   and   "'m^  card  rt^uler 
ar-.    ivorkifp,   to.MMl.er.      If  ojic  ih"^c\s  desire  a  jKipor     tape  from 
'he  carvb>,    the   tLiet>;>e    is  piaci,'.'    in   "local''  liiode  and   the  carii 
rc  .ider   tlien  sends   the  codes  to  t!ie  teU^tyno  paper  ra;io  inniclu 
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-ihoui    tho  of  a   laryo  bro:ul  box.      It    lynically    coiiics  in 

dos  k   ton  incut  0  1  s  ♦ 

Ph^  optical   card  reader  reads  standard  card  codes^  This 
!uc-a:v;   tb.at,  usually,  carkls  can  lu^  ;M'cnn^■(^!  o\^  a  standai'd  key- 
I'MMcl;,  and  iliat  any  in^ncil   marked  carJs  nust   l,c  prcparec*  in 
c.  rd  code»     The  care  r-(.ader  then  cln'Mi^H-;   from  those  ced'":^ 
■:.';(■  e  Mh;  usually  us^hI     b\    [he  coiufMiter  systen  (often  ASfMlK 
rs'i.c  i  1    !iiark(Hl  cards  are  ea^>\    \n  obtain.     Then'  usual  1)'  contain 
narh;i!\i'.  ;;uides  and  are  printed  \<i[h  the  aiipropr i ii to  codes  for 
each   letter.      M    is  e'.encrally  avjrecd  tluit   tlie  cards  arc  easy 
to  mark  and  the  skill   can  be  easil;/   tau;i!'.t  to  j^.rade  school 
children.     Soim^  people   fool   that   the  cards  are  tecUous  to  j'larl  , 
arvl  titat  :narkii\^  a   lari;e  'umiluM'  of  cards   is  :]  "naiii   in  tlie 
i.L'ck        '!':.e  truth  of  this  content  lf>!i  does  not  obviate  tine  use 
e  r  sue  M  ca  I'ds  . 

Tae  co:t   n(  an  oinical   card   rcadiM"   is    in  the  t  e  i  j;hlM)  r  hood 
vjf  $  IJO  per  iDont}..     fM'lon         is  OrsiralO.^  to   loasc^  or  rent  a 
Uiiit   'uit    if  a   fMirchMs/    is  desired,    ;iic   unit   can  he  olKaiiU'-'  for* 
:i":eait    ^"3,".nn,      Reneinlu'r,   no  ojUical  card   readr-?"  will    serve  alone 
as  a    tcrii;inal.      In  ever\'  c  i:  n  f  i  j;u  ra  t  i  on   it    is   lu^cessary   to  '  ave 
already  availal>]e  s^nne  ot'icr   tyr^e  of  device  such  as  a  CPT  or 
TTV  . 

Tlicr'e  a  rc^   1  .o       :ui  f  ac  t  u  re  r  s  of  card   r:\aders   that  co]nmonl\' 
\';rk  i;  i  t  !i   sc^ool:^.     One   is   the  Autoiiiata   ilomnany,   vd  ich  nanufcct- 
u)'es     a  card   to  tap-e  ;.iuich  .     Tk  i  -  ur:it   oiUM\ates  at   20  characters 
;  er  seecnd,   ai^oiit   t^vice  the   sj  etHl  of  a   teletype,     Tlie  otfier  is 
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t  lio  Howl  0  I  t  -  ^^'lcka]*cl  Compjiny.     lis  curd  rciulor  iiilorfaccs  with 
i\  toninnal  ami  cai'i  i>roviilo  direct  transmission  to  the  comi)Utov. 
It   is   limited  to  1(1  characters  per  secoi\d. 

CarJ   readers  can  often  he  re]^airod     locally,    if  the  man- 
iilaclurcM*  has  a  stM'vice  outlet   near  by,      In  othei*  situations, 
(lie  reader  tiiust  he  returned  to  the  factory  for  repair.  The 
oj)lical   card  reader   is  a  reasonai^Iy  durable  device.     it  docs 
reiiuire  serine  routine  maintenance,  but  not   so  frequently  as  a 
teletype.      In  remote   locations,  a   teacher  can  easily  learn  to 
iMa  i  Jit  a  in  and  serv  ice  it. 

IJecause  t)u^  card  reader   is  either  ptuichin^;  tape  or  work- 
\u  c(Mi  j  iuic  t  i  or*  \v' i  t  h  a  tenninal   there   is  often  considerable 
no  i  se . 

Tlie  tnuical   card   reader   is  usually  able  to  read  In^th  ID 
and  SI)  colujiM]  cards.     This  dual   ability   is  dependent  upon 
tiiiiin,v[  marks  which  :i  re  pi'inted  onto  the  card.     These  marks  tell 
ttif-  rc^ader  wfien   to   read   i  n  i'cnana  t  i  on .      In  some   situations,  neo- 
pit-'  hav<^  pi*i[U<.'d   their  own  cards  witli  much   less   than  40  colunnis, 
Tlie  ca7'ds  can  luive  a  variety  of  special  uses   fi.e.,   test  scor- 

attendance  re[nn^t  i  ni', ,   sport  statistics).     The  standard  4(5 
colu];u\  carv!   is  vwy  eas\'  for  a  student   to  mark,   bvit    if  key- 
punched,  i'e(piires   tliat   every  other  column  be  punched.  T!ve 
standard  8n  column  card   is  extremely  difficult    for  a  student  to 
iiiark  bait    ideal    for   the  keypunch. 

One  of  the  fine   features  of  the  card  reader  is  tluat  tln.^ 
car'ds   can  \)c  prt'pnred  by  many  peor)l(^  s  i  inu  J  t  aneous  1  y   in  main' 
locatiop.s.     This  permits  the  student  to  prepare  programs  and 
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'l>itn    .iw-'iy    froni    t  hr    trIclN'pr,    in   sMkIn'  ;i  t    litMiir  ,   or  ^^vcn 

^.tiilr  uh  a   J.itt^.      It    iTOViMits  drL'iys  ;M    t  Ih^   I    nni  iki  I  ^ind 
t  fir  I'acilitios  .iv;iil:iole  to  a  v,id(^r  soni-^<'nt  of   thc^  stiuloiU  pop- 
Hliitioii.     Kith  carJ   roadcM',   t  Ih^  students   in  Business  Mach- 

iiu.'s  eoiirsescan  pr<n'ido  the  service  of  lu^ograiii  and     data  pro- 
h^iration,     Ov  ,   the   football   teaiii  s  t  a  t  i  s  I  i  e  i  a  ji  can  heep  statis- 
tics on  cards  during  the  j^aiue,  and  feed  the  data   into  the  co)n- 
luiter  at   a   later  time.      Tlie  card  reader   is  a  device  tlat  ex- 
tiuuis   tlio  use  of  the  comjuiter  throui^hout   the  school. 

ci^Nxni:;!'  inc  tmi;  ti;um^inai. 

1  li  i  s   section  will   discuss   the  mettiods  of  ccuinectins  the 
terminal   to  the  computer.     It  will   consider  lutrd  wire  arul  switch- 
ed networks  and  the  [idv\'intages  of  luodems  versiu^  ac  ous  t  i  coup  t  e  r  s  . 
The  decision  of  whothcM'   the   terminal   will    he  ctumected  directly 
liv  wire  to   the  computer   (liard  WMre),   or  connected  tlirougli  a 
switcfunl  nctu-ork,  vs' i  11    he  niade  })y  the  nersonTtel   i\\  cfiari^^e  of 
thi/  coinnuttM'.      If  thc^   terminal    is  to  he  hard  wired,    it  will  re* 
oEiire  a  convers  i  (^n   kit    so   ll^at  vollaj^es  will    he  compatihle  with 
U;..    C(Mn[>utt.M^   input   system.     The  advantai^e  to   the  hard  wired 
t'Tiiiiwii    IS   {h:i{   t  ransia  i  ss  i  on    is  reilal)le  aiul   the  student  does 
ii'^t    :.av^    to  ct,)nleiul  \vitli  other  people   \nr  access   to   tl^e  compu- 

r.     When   t!ic   terminal    is   hardwii'cd    it  occupies  one  access  !)atli 
^ rhe  comtniM-r.     This  access  path    is  onlv  availal^le   to  the 
>i;;i;le   terminal    to  wli  i  c  h   it    is  connected.     Tlie  liardwired  ter- 
tJien,   iuis  access  wluaievcr  the  computer   is  oper  a  t  i  oiKi  1  . 
Tiu'  disadvantage   to   the   hard\\'ii*ed   terminal    is   that    it   is  i>ot 
po  r  t  ah. )  e  . 
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A  second  molhotl  oT  connoc t  i  ii i.;  ^\  tcriinn-il  to  the  coii^niter 
system   is  tlii'ongli  the  us(^  of  a  swiiehtui  notwcnM^  liKe  the  tolo- 
1  I'l'^ne   line.      In   the  switchoc!  network,   :i  sot,  ol"  phoiK*  nninhtM's 
are  vieCined   Tor*   the  eoinpnter,     'i'hc  iisei'  olWains  acc(\'^s  to 
fomjuiter  l>y  ealiint;  (Mie         (hesc^  fUKutu^rs  aiut   then  eon?>ectiny, 
1  he   tenninal    to  the   line.      If  the  plione  Dumbors   to  the  coinputr*r 
are  busy,   the  user  eai^not   ::ain  neeess  ajul  must  v;a  i  t  until  a 
line    is   ffee.     iV  i  1 1)   th(^  suitehaHl  network   it    is   fH^ssihle  to  h:ive 
terminals  \shieh  are  aeiually  juirtahle.     The  major  d  i  sadvantaiu' 
lo   the  sw'itclied  network   is  all   lines  are  I>usy  and  a  user 

eaniiot  uain  access  to  tbe  coiujniter  even  thouyh  it  is  oi>eratior)- 
a  1  . 

'nur<^  are   I  u'o  coniMiou  ways   to  cojirect   ihv  teriiiinal    to  a 
-wiicheil   r.etwork,    tk.e  niodefn  and    Hie   acou  s  t  i  C -ccnip  1  cm^  .     Tlic  ino - 
dk'iii   IS  an   '/iectronic  unit   t]>at    is  ohysicaHy  connected  hetw^e<Mi 
t!ie   tfr::nn=al   and   {he  line.     'h)deni  sta?uls   for  'hnodul  a  tor -deriod - 
uh'lor"  arici    it   ci'cates  a   t'requenc)'  nuniulated   signal   whicli  is 
-cn\   oyrv   ti-e   l  ine   (in  switciicd   nc^t\vorks   there   is  a  inodem  on 
each  rnd  of  iho   linel.     Wvcn   if   thei'c  are  a  number  of  ]^!ugs 
tf^   tiv'  i^!ion<'   line,     the  inodcpi  restricts   the  por  ta^i  i  1  i  ty  of  a 
tenrjinal,     Usualix'    it    is  connected  directly   t      the  pliosio  line 
and.   t!iere^^)y   forces   \hv   teriainal    to  reiiuiin    \\)  one  place.  'Yhv 
advaritn-e   te   r?;-  ;?KKlem  is  that    it   j^rovides  a  hiphly  reliable 
I  )*ans!n  i  s  s  i  c^n  of  data,      in  sorae   instances   the  telephone  company 
will    reo.uire  tl^at  a  aevice  be  placed  between  the  inodein  and  tlie 
line  to    isolate  thc^  j^iu)iu^   liiu;   froiri  any  malfunction   in  the  ter- 
tniuai.     These  dcn-^ices  are  soinelifaos  called  data  access  arrauj^.e- 
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The  aooijs  I  I  c -coup  Um'  is  ;i  iucMlH)(.i  of  coiinc^ctinii  Ihv  tonnin- 
al    to  ;iisy  simple  parly  phono  lino.     TIk^  ncous  t  i  c -coup  1  o  r  is  a 
ilovicc  tiuit  acconodatos  the  telephone  handset.     The  nuniher  o  I* 
|}ie  eoiin)uier   is  dialed  and  when  the  compntor's  cai'ricr  (I'UIO 
il:.    (otio)    is  pi^cseot,   the  handsel    is   ()]:ic(m1   into  tjie  eoiipier, 
Tl\is  eoLiplin;^;  ])rovides  a  p.hysiea!    isolation  hetweoi^  tie  lele- 
!''»^>ao   line  and  IIk^  terminal   tluis  oviatinj^  t!ie  )iocd   for  th.e  DAA. 
ri;e  aeucis  t  ic -coup  1  or  nerroniii;  the  sa.iie  fuiK'tion  as  the  modeia, 
afid   is  actually  a  modem.     I!o\s'ovcr,   it   is  the  type  of  device 
tlK.t    IS  extremely  iK>rtalUe.     It  i^crmits  operation    of     t'ne  tor- 
Minal   wherever  t!iore  is  hotli  a  pliopic  lir^e  and  electric  ]>ower. 
The  prohleir,  with  the  acou  s  t  i  c -coup  1  er  is   (liat  of  J^arMin^  and 
noise.     The  t  r  ansra  i  s  s  i  o  n  of  sijrjKils  between  r'>e  terminal  and 
ihc  cojaputor  ai'e    in  the  frec)ue:K'y  range  of  human  voices.  !f 
rhe  room  v;here  the  terminal    is  operated    is  extr'cmely  rioisy. 
;omc  of   the  hnckground  noise  will   he  ]McVed  uvi  by  the  acoustic- 
Ci)up-lei'.     Ti;at   i\\tra  noisc^  will  often  i>arhle  the  transmitted 
>'j;nal,     Th.e  :i  cous  t  i  c -coup  1  or   is  also  sensitive  to  humps,  !:nocks, 
a:id   Jolts,        if  one  reciuires  portability,   however,   the  acoustic- 
^'■apier   is   tlio  only  reasonable  method  of  connecting  a  terminal, 

i:tJ;ited   to   the  connection  of  a  terminal    to  a   line   is  tlin 
loncept  of  du|)lcx.     In  a  half -duplex  operation  the  keyboard  of 
I'e   terminal    i     connected  to   tbiC  terminal's  print  mechanism. 
jA'ery  sip,r,al    tliat    is   transmitted   to  the  computer  is  simultan- 
eous! \'  printed  on  the  printer.     In  tins  situation  if  garbling 
■>ccurs  or.  line,    the  user   is  often  unauMre  of  it.  Half- 

duplex  signals   travel    in  only  one  direction  at  a  time.      In  the 
i'ull -duplex  mode  tlu^  computer  and  the  terminal  arc  both  able 
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(n  If'.'insifiit   ;i  I    iho  sainc^  I  i  iiu^      1  ii  this  ()))ora  t  ion  ,   the  user  is 
;M',';m'('  c)  ('  |M'(^hUMiis  on   tlio  phono   line  hoenuso  the  keyl)oar(l  of  his 
lot'ininal    is  cornice  t  oJ   to  ttio  couipuior  and  not   the  juM  liter, 
ive  ry  t  h  i  n     thai   the  user  l\'pcs   i     sent   to  the  coininiter  and  then 
i  (MUSI,  i  1 1  ed  bacK  to  \]\r  pviuicr  .>y  \hc  eoiupiitei'*  Tlierefore, 
any  ciiaraeter  t)'()(.Ml  must  make  a  coiii|}Jete  circuit  hefore   it  is 
priiiti'd.     (iaihrn;i;   in   the  t  ra  Jisin  i  s  s  i  on   is   i  inified  i  a  t  e  1  y  obvious. 

Same  cov.^j>utirs   1  i  l.e  t)ie  Hewlett-Packard   2(H)n  series  use  a 
inndified    (ovva  of  fti  ]  1 -ciup  1  ex  called  echoplex.      lu   the  echoplex 
^^peialion  tiiero  is  no  vlirect  connection  hetueen  the  kcyl^oard 
a  rid   llw  i^rinler  of  tnc^     teniunal.     However,   the  t  raiisiri  i  ss  i  on  is 
reily  allowed   in  one  direction  at  a  li^i\e,     The  user  still  b.as 
the  beneTit  of   i!nniediate   I'eedback  on  a   tytxHl  ciiaraeter,  hut  he 
Must   uait    tH:til    th*e  comjiuter   is   I'inish.ed   t  rai^sni  i  1 1  i  nv^  before  he 
can  be,Min  a  new  t  rai; sfu  i  s s  i  on  , 

!  Ae]i,ri;!l:S   1-OU  THb  ThK^MNAh 

I  li   t  h  i  s  >WH' t  )  on  v;c  w  i  1  !    denser  i  be   t  he  [)hys  ica  1    fac  i  1  i  t  i  es 
i!eco.;^ar\'    to  iiouse   the   tcMwninal,    {he   fieiut    for   tcManinal  suptM*- 
\'i..ioi^,   and   s«)iiK^  of*   the  ina  t  e  r  i  a  I  s  access  sa  r  \^  to  operate  a  coiiijuj - 
'  r   t rn  i  na  1  . 

'i'Uv  teniiinal    rec'Uires   both  a   location  within   the  school  and 
f^'>iOo  srvrl   of  sut^erv  i  s  i  on ,     The  location  of  tlir^  terpiinal    is  usu- 
al ly    in  a  classroom  or  computer   laboratory.     The  supervision  is 
usually  li)e   )X^s  po  ns  i  b  i  1  i  t  y  of  a   teacher  or  teacher  aide. 

A  con  s  i  <berah  1  e  debate  continues  as   to   t!ie  amoufit  of  sujUM'- 
\isioa  fioedod   for  a   tenuifuil*    [t    is  obvio\is  that  a  ininiimn^i  s\i- 
per\'ision  wanild    include  an  occasional   checl:in;i  of  the  cciu  i  j)nten  t  , 
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;ijid  appropriate^  rephiccmtMn  of  nu|)or,   ribbons  :iiu1  i>apcr  tupc. 
Ttu'  nKixiinum  suiuM^Msion  would  rcciui  ro  a  persoi:  present   in  \hc 
room  with  tlio  t. onninal   at  all    times.     Mnmc   foci    thai    the  only 
uay  to  opei'ate  a   terminal    is  with  niaximu'^]  su[.crvi  s  i  on .  Tlicy 
scoin  to  bo  conoor'iicd  with   thoTt,  daiaapo,  ;uul    iiiinroprM'  uso.  If 
is   the  aiUlior^s  opinion  that  the  terminal   should  hv  operatcul 
Willi  l}:e  miriiinum  supervision.      In  five  years  of  teaching!;  com- 
puter in  the  hi^\h  school,  ho  is  unaware  of  n  single  case  of 
malicious  damage.     It   is  desirable,  Imwevor,   to  have  someone 
r^resonl   near  the  terminal   to  assist  students   (students  can  do 
an  excellent  job  of  helping  other  students).     In  an  environment 
of  minimum  supervvislon  there  seems  to  be  a  maximum  of  use.  The 
major  worries  of  theft,  damage  and   improper  use  seldom  occur. 

I'ecause  of  school   laws  related  to  p,eneral   su)>orvision  of 
students,   it    is  wise  to  have   the  terminal   in  a  location  where 
it   can  be  seen  by  some  adult.     Tins  casual   supervision  takes 
^;are  of  most  of  the  ''horse  ])lay''  wiiich  would  go    on   in  the  ab- 
scMice  o  f  an  adu  1  t  . 

There  :irc  several   roaso,is  why  a   t^\acher^s  classroom  is  an 
i  iM'ip;M'(^pr  I  a  t  e  place   for   the  computer  trrminal.     I'irst,   the  noise 
«if  tlie   terminal    itsell'  or  tlie  commotion  associated  with  it 
eit.her  ofrectively   inhibit   t 'le  normal   work  of  the  class,   or  the 
v:or[   of  the  class  prevents  access   to  tlie  terminal  at   times  con- 
veinent   to   the  student.     This  placement  effectively  makes  the 
terininal   unavailable  during  major  parts  of  the  scliool  day,  A 
second  problem   is  that  of     teacher  domirumce.     When  the  terminal 
i     i^laced   in  the  classroom  the  teacher   feels  a  responsibility 
to  guard  and  protect    it.      Sometimes  this  nrotcction  actuallv 
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prevcMils  the  frco  usr  of   the  in-'i^Mnnt^  by  other  t  oaoh^e rs  :inu  stn- 
^le;Us,     A  third  i^hjection   to   tiie  teri!Mn:il   nl;iL(i!ient    \n  [lie 
elassroofi   is  tiinl  o  i"   li  ^n^icc,     M^st  c  1  :is  s  roowi:^  :ire  t(H) 

vuill    to  i^'Mviuo   0)y  V  v'vi!:>M!ner  re]^i'iif);M   :iM(l   the  neeessni'v 

\Nnr\>!\ieo,     '!*M(^   tonuisMl    shouKl   'u^   pl^h.'.ul   v  Ikmu^  stthlin'^ 
u.ivl   Jeaehers  can   -aip   ace  ess   U)   it   at   all    tiii:os  'sitiiout  di>t'irh 
'I  ela.  .  or     lass  aotivitv,   ;ivul  a   ]>'ac  w^^ere  a^^'Ocjuate  wor^  • 
^^  rsii  (■    *      i  S  t  S  , 

f'^  '  .1  jMM'opr  i  a !  e  plaet^   T'm-  a  eomjniter  toiaiiiiial    is   in  a  la^ 
'M'aturv-  of    its  own.      The   lal)  s'lOnUl  ^e  rJcce'^iMe   to   the  h.a  1  1  , 
-poll  ^efoia;«,   uficr  aavi  duiii^i;  school,   a]u!  shouU!  j^rovidr'  ])lenty 
''^    workspaci^  ;viih   lar;:o  tahk^a.      In   t■:i^   (MO  i  I'oniiiojU  students 
apj    UaiCtHN  ^  Cree    (<>  access   t  lu;  conmu'tM'  at    t'eir  co!;V(on  eiu' c  . 

1  a  1  ( J !' a  t  !  J  !■  y  ]T  1  ac(^'H(ai  t    ran;  on  r  a  p,(^  s   uso   hy   nufi^l^.Ts  of  ovop]^ 
^-rouipKMit    tho   sch«n)i.      ip   t  h  o^;   ^M:  v  1  vo  !\naMU    t  ho   t  c  nil  iaui  1  bolor^p' 

o  cnr:;:M]!ct'   la'-irator;/   :  .,h'Js    sniur   a(M>^o  ahaMaiKOit    I'hu"  i  1  {  '  \- . 
a^soiui    'V'  r;c'C(0' :•■  a  ry   t     pr<svido  some  j'.'M  fanl  oh  sloe  r';vis  i  a--.^ 
^■i'    a!:ii)Oa;    oi    aois^'  a  :^ dc  i  .i  t  oo   v.  i  r  h   ,i    U^hO.  >-'m^   tcnnin<i].     'I  h.  i  s 
■■'Oi         a  :;c<.M.a>  i  1  l^)'   >^h;aiay   j    nyy  the    floo]',   curtaijis  ^  ii 

'  iiahos,   and   sound  ah.nrhiay   t  i  i  o^^  oji   tfu^  wa  1  N  »      ft    is  desir- 
^'''\v   ihai    I  iu^   ronri  lir     nirt    caooyh    tliat    t)<c  docM*   to  the  hall 
^ o    ,  ^     i  ' ■'  M    (O>o n  a  I   ail    t  i      ■>  . 

sduMiid  h(>   Svu^aral    t\pH^s  of  uiatcrials   stored    in  a 
i^l"H'<^  ^^isiiy  ac^;t,'ssat)  I  0   to   tiie   tariiiaal.     T)ie  jnaterials  inclauK^ 

'aya,   pay>   a.    r^h'^n'^,    P'Oic  i  1    .'laj-^'    aard    ,   aad  ripcration 
]i'^na;a  i  s    I'or   t^>e  c  )iinatoi^  >y/-toia.     A  TTV   tenainal     will    use  about 
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t    riht'oiis,  ono  case  o  1'  paper  tape,   :n  d   tli\'eo  cases  o\'  pap'vM' 
iM  a   ^ea^,     Thv^^-^*^  amounts   vary  witli   the  a  po  I  i  e  a  t  ion  .  SliulcMils 
arc  very  ciipuhlv  of  replaeiiii;  papcM',  ami   ribhons.  Make 

i '^e  I'latrrials  available   to  the  sMnlents  nnt]   Id    thoin  <Io  t))'r'. 
ehore  I  hvMn."^ ves  as    it    is  needed,       Material"    for   tlie  teniiiaal 
ari;  nseallv  cheap.M*   if  piu'eliast^l   in  (juaatit)'.     ThfM^e  could  he 
:i  considerahle  savinj^s   if  euie  lUircliascul   three"  years  worth  of 
mat  or  ia  1  s  a  t  one   :  iiiie  . 

oi;tai:;in(;  a  riiRMiNM. 

This  section  makes   some  suyi^estioas  cjhout  obtaining  a  ter- 
minal.    Here  vv  will   rirovide  sona^  sur,oos  t  i  o;;s  on  v^MuIor  selec- 
tions,  soint-  vendors  to  consider,  ard  s^ome  j^lacc^s  to  turn  for 
add  i  t  i  ona 1    i  n  format  ion. 

(^nce  a   necul   to  iiavo  a  computer   fermina!    i      frilly  '"^  s  t  af;  1  i  sh - 
e<l  ,    thc^  ;'ro'>le;n  -!u"Cones.  oar'  of  sc*  1  ec"  I  i  fpi;   the  I'^st   vendor.  ]n 

lectin)^  a   vendor   tl^e   person  ae/<ls    to  ;w)ve  in  mind  the 

■ep     <»r   ^criiwnal     desired  and   the  0])tin3u^   t  !w:  t   are  necessarv 
'*  r  hiN   i  p.s  1  a  H  at  ion  .     Ta  1  h  to  several  >"Mulors  and  remember 
I '.a*    tii'^  price    is  not    thc'  ni:ly  consideration.     Note   that  ser- 
^i  'e,   d*"li\'rry  d-Jte,   and  voMdoi'  re[nitatiop  :irc  as   important  as 
t  lu'  a<^tuai   e(V::^      f   tlie  mac  1)  inc.      If  \^ou  ^mM  a    terminal   at  a 
^i'^aj"  pricn;:   ^>iit   you  cannot   liave   it  iiuiM  tained  or  re])air(Hl  easi- 
'>  .  what   you  liave   is         extremel)'  expensivi.^  juio.  scul]:)ture  in 
f';  '  ,w;in>ol.     kcmciahor  that   with  the  telet)'pc  routine  maintenanct^ 
1^    important  certain   that  you  purcliase  a   service  contract  on 

*^s^o  terminal.  (It  is  \.  i  sc  to  j»et  a  sei'vic^^  contract  on  an)'  com- 
iniier  device    in  tlie  ^clun-)Kl     Tlie  service  contract    protects  you 
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av..iiiist  l;ir)i('  ouilaN's  of  iudiU'v  ;i  i  iiiU\\  fOC  tod  times,  Consuicr* 
ViMuloff.  \vli(^  lu!   s^'vvico  contract  ^>  at    rcasonahlo  prices, 

'luce  a  vendor  is  scire  tod  it  is  wise  to  clock  ou\  lus  r;^ 
raMation.  You  mny  find  tliat  he  is  full  of  j^ood  f>ronnses,  i)Ut 
iu:vv  r  I"  roc  i  des   t  \.c  sf  rv  i  c^-  ;  needed  . 

Katch  out    f'^r  ;uu  1  t  i  M'ciul^n'  prohlc:!is.     Uheii  the  p)ione  coii\- 
pany  sM;>plir.:s   ihr   \  \  :\r  and  aaot  lua'  compan\'  tin*  tCM'inina],  each 
.  t  I  1   hlaine   [he  uiher  Tor  any   failure.      It    is  \i\orc  convenient 
to  ohtaip.   ti.'let\'pe  and   line   from  the  sanu^  coiai^'iny.     I!o^'e\'or,  it 
is   not   a  I  ways   f  i  na  fK*  i  a  I  1  \'  i'easihlt^   to  do  so,      la   sucli  situations 
or.e    is  at    the  rierc)"         the  service     re]^resen  t  at  i  ves  of  each  of 
(he  V'.aidors*     The  \\orst    possii^lc^  situation   is   to  got    tlie  j^i^ono 
liiie   frtHit  o'U'  cor\i>ariy,    the  riodeiii  froin  a  sc%x')ad  ar.d  the  toriiiiiial 
f  roiii  a    t  h  i  rd  I 

ThtM'c  are   sex^^ral    relialUe  \'eiulors  of  computer  terminals. 
i'wr    is    ihe   factory    itself.     The  TeletNac^  (!or  po  ra  t  i  on ,    I^SSS  West 
Touh)'  Avenue,   S}o!.ic^,    III.      hO(>7^^,   will    supj>ly  you  v:  i  t  h  a  iumv 
.\S!^-  ^^   i  eiar,  i  iia  1    for  ahoiit    $1  i  nc  \  ud  iri{',  sfi  \  ppi  vy^ .     Ilowever  , 

it   nust         checkcnl  out  b)-  a  reliable  technician  unoa  arrival, 
ai^d    it    carri!'>;   ::o  ma  i  a  t  (mi  an  c  e  cof  tract,     \ote   that   the  factors- 
^u\ly  se^iS   teruiiaals,    it   does  not   rent  or  lease  tlu^^u.     A  second 
i"elial)le  vendor   is   tlio   telephone  company  wliose  business   is  the 
i*ontal   or   lease  of  com|Mitin;;  ccpiipnient.     This   type-  vendor  usu- 
ally htas  excel  lerit  maintci'ance  contracts^   an^^.  often  sup]>lies  thv 
s  t    se  r\"  ice. 

a  pvi';;o;!    is  c  o:l^  i  d'.  r  i  in;   the   i-urchase     rcictal,  or  leas^- 
o  i'  . \  c o m p u  t  e  r  t   nri  i  n a  ]    t } : e  r a r  e  i  ia  n y  < \\\ est  i  o n  s  t  h a  t  c  a n not  be 
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*nr^.'>'.  I'l'vl    i  n  :i  slu^  i*t    p;i  \>t:  r  1  i  kv  I  li  i  s  . 


I  u  t  -ir  even  I    l  ha  I    vnii  m^^ 


lurtlici'  as i  s  t  ajU'<.'  and  ytni  livi'   hi  (^r 


ft)  I  1  o w  i  ]\\[ 


K  u  M  )    i)c  a  1>  1  o   In  !iu  1  p  you  . 


I'!tis(y  Whitney 

Th  r c  t  o  r  o  f  ('o in;ni  t  c  r  Ac  t  i  v  i  t  y 
OrejiOJi  Muse  u)ii  of  Science  and 


.Jac.^  SI  i  njie r  1  and 
(\Mnnutcr  Instruct  ion 

Sfioc  i  a  1  i  <  t 
.^'u!  t  noinah  County   I  J!.  D. 


i  ndus  t  ry 
I'ort  land  ,  Oregon 


I  fi  this  article  v.c  liave  considered  the  coiiiputer  lenninal. 
Sc'ViM\aI    ty|u\s  of  computer  rermi  rials  hrive  boon  descrihod   (TTY , 
CUT,  and  card  reader),     Thv  connection  between   ihc   terminal  and 
the  computer  by  hardwire  oy  coupler  was  considered  alonj^  with 
racilitics   for  the  placeineiU  and  use  of  tlio  machine.     Some  hints 
were  <?/wcn  concerning;  tlie  p>virc!uise,    lea.se,  or  rental  of  a  tor 
i^iii^al?     aiui  a  sui;;j.e  s  t  i  on  or   two   rc^j^ard  i       the  selection  of  .an 
ap>i)ropr  i  a  to  vendor  . 

Th(^  co'iiputer  torniinal  has  an   important  and   impress  ive  role 
to  pla\'   in  modern  education.     TJie  appropriatj?  use,  supervision 
and   location  of  the   terinijial   wUl   Jioln  to  ol)taij)  nujximvju]  usc^ 
f  ron  \'ou  1'  comi>u  t  e r  sys  t  oin  • 
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Ho  t"(^  r' OIK' OS 

,  "ll.'i  vJv/aro  Tchioa  I  iofin  1   (j)p)|)nt  vv  \U\yvrs  C\\  ido"  ,   Poojil  r:- 

Vnliiiiio  (^no,   Xumtu^r  Oclohcr,    liK/.'!,   \>p  ,    i  3  -  1  5  . 

,   "To  I  ot  y[u,?s  \\\  ,^0?"  ,   Pco]U  OS  (!oiiipiit  or  Company,  Vol  uino  , 

\Ufnhor  l  ivo*   M;iy,    JO?:,   p.  ^3. 
V.'ats(M^,   lliofuircl  IV,  ,   "Rojno  to -TtM-in  i  na  1   Conimnr  i  o  .a  t  i  on  s"  ,  Tine- 

sliarin;^  S\'sto;ii  nc^siv;n  ('i)ik'(mUs,   Nk'^-raW'  IM  1  !   I>on!  (-oinp<in)', 

Xrw  Vo  )"!.  ,    l')'^ pp  .    ]  (^0  -  J  op  . 
Tao  i  I'll.'  Northwc^st    ikH  1   'loloplionc  .   Portland  »  f^rct;o(K 
(ioiK'ra  I  To  1  (Mihonc^  ,   (i]'cshani ,  Orogon  . 
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i  11    I.^^'^'i  s  t    r  aiu!  IKivul  Moursuiul 

I  n I  I'tuku'  I  ion 

(Ni;uput  Ml)!         i  1  i  t  i  i^;--   raiUM'    in   si.:c^   from  a   sini^io  tiiiu'* 
•  ij.n'Ovi  1  V  yv\  \]\{\\    \  o  nu  1  t  i  -ni  i  i  !  i  o  n  i\o  \  ]  ur    i  n  s  l  :i  1  I  a  t  i  o  n  s  .     t  i^^' 
Ji^'^Niin     i         compu  t  i  a  j.^  coa  (  iM's  sue!)  as  OTIS   fin  !-vu^one}j  the 
^^rcM.MMi  Stutr  Mniv^cM'sity  Cojiu^ut  i  ii     Contor,  and   (he  Universitv 
uf  (M-^M.^on  Connutin}',  (\aitiM'  haw  Inulju'ts  oi'  api^rox  i  r^\a  t  o  1  v  I 
tail  lion  por  yoar,     Kinminii  si^'h   i  jis  tal  I  a  t  i  oas   is  a  jol>  for 
(M'o  Toss  i  oil  a  ]  s  . 

article    is  aimed  at   I  he  ai;5ateur  \<]\o   is  apt   to  he  in 
ehai\v\e  of   the  eofiiput  i  n     racilit)'   located   in  a   seco!uia)'y  scfiool, 
'1  Sh^   Tac  i  1  i  t  )•  uill    i^eaerall)'  coasi^U  of  ot\e  or  i?\ore  1  eylH)ard 
tenniiials*   or  a  nrnn  com  put  e  r  witli  one  or  laore   terminals,  or 
one  e^r  more  hey !Mn\c Ik^s  ,   aiul/or  pi^rhaps  n   inavV   sojise  card  read  - 
^^i^      This    is  Khat   wv  v\c:i[\  ]>y  :\   "sntall    coininiliiu^  facilil}'." 

i'hi'  co/;:putjML^   facilil)'    \\\  a   srcendai^)'  sc)iool    usual  1>' 
r^'pri^^y-cwly^  a   sii;inficaiU   atiuniat  of  money,   and   affc^cts  <iuite  a 
anrnher  (^1^  sltuhMUs.     A  sin,eie  h(^yhoard   tcDninal   coanectod  to 
a   si^iall    t  iine  sha  red   s\';tei.^  suc!\  as  one  of  t  i>e  1  !ev:  1  e  1 1  -  Pa  c  k  a  rd 
.MH)n  scric's  costs   "soiiicone"  a  |vn  ro  x  i  ma  1 1: 1  >'  S"s,nnO'  <  1,000  per 
y-ar",     A  sini^^le   kc\onnu:ii   reats   for  aV)ont  pei   month.     A  niar). 

sens(^  card   n\'idL'r  may  rcnit   for  pvr  inonth.     A   1  (vi  !;e  -  nti  rc  ha  s  e 

conU'act   on  a  one   teriiiinal   ni  i  n  icompnt  er  s\'sten  may  cost 
per  iii^wiiii.     Any  of  these    facilities  could  be  used  dii*ectly  !.\-, 
p^'^'ha():-  .   a  ^iiiiidred  or  l^ovo  students  durin^^  a   scl)oo]  term. 

in  i:iost    schools   having  covi^jUit  inj;   fnciiitic^s  o)ie  m^rson   is  usuailx 

1 


"in  ch^iti'^o"  of  t       facilitv,     Rclrasc  1  nno  ^  or  cxt^^a  pny,  W^i 
uiuU'  r  t  a  k  i  nr,  the  sc'  ri':".ponr.  i  li  i  I  i  I  i  t.^s    is  ni     ,  hcnvovor  .     T!>  i  s 
ariiclo   lists  scune  of  tin;  activitifv^  iliat  couUl  ho   (^ho^Jl(l  ho?) 
carried  out   Uy  liio  luM'soii   in  ciiar^jc  of  {ho  facilily,     tl  iKakcs 
slroti;j,  case  I'or  p  ro  v  i  d  i  iij',  rul(\asc  liinr   for  the  toinjMitin^;  fa - 
c  i  1  i  t  y  d  i       t  or  , 

Schc^lu  1  \  11)',   h'ac  i  I  i  t  v  Use 

A  computing  facility  is  a   limited  resource.  Iiwarial)ly 
at   Cvrtam  times  dema:  d  for  use  of  the  facility  will  exceed  its 
canal)  i  1  i  t>' .     What  happens  when  the  business  class  and  the  ad- 
vancedi  natli  class  both  want  to  use  the  c  onunit  i  tif;  facility  at 
the  :;a)ne  timt.^?     The  coiaputir.g  facility  director  sliould.  nrovide 
a   plan   for  allocation  of  coniputiiu^  resources  anionj^  the  various 
u-ers.     lie  may  iuhuI   to  monitor  this  situation  an  an  hourly,  daily» 
or  wec.d..ly  hasis.     \\c  iiiay  )Kn-d   to  \\ov\:  with  the  scliool  adminis- 
tratcM'   \{\  charjL^^e  of  class  schedulinii  to  try  to  avoid  serious 
ci^r.flicls    \\\  sclieduliiip  classes   tliat   will  want  to  use  computer 
i'acilities,     lie  will  need  the  autliorit)"  to  develop  aaul  implement 
an  overall  plan  to  he  followed  hy  aU   teachers  and  students. 
Pe  r  soruu*  1 

Ti\e  coinjuitiiig  facility  director  will  usvtally  have  a  con- 
i^idera'jlc  ''staff  working  for  him.     At  his  own  level  will  he 
I  eacliers  of  various  courses   iai  which  th.e  com])Uter   is  used.  Of- 
ton   these*  tt\achei's  will  know  how  to  run  the  computing  facility 
and  will   su)M?rvise   its  operation  wli  i  1  e  their  students  are  using 
it.     At  a   lower   level  will    he   student  assistants.     The)'  will  of- 
ten he  used  to  supervise  other  students  who  are  using  the 
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ravility,  iwwl   to  at-sist   thoin  w!km\  iioci.^ssary.     \'ic*va^^!   in  this 
1  :      :    ;i     r^ii  j)u  I  i  ti^^   laLjlily  diiHVtfn'  viiiy  )^:]vv  ;i  ''staff  of  n 
iia  1  r  JiK'rn  or  niovi'   [U'oplo  "workiiii'/^   for'  him.     This  rc(jvnrcs 
v'^       idciMh       (MM'.a  n  i  :*  ;\ t  i      ;i  I    si  ills  and   su]'hm^  v  i  snr>'   \\v\o  and 
<  \  f  n  V  1  , 

1  ra  i  n  i  n  5.^.  a  r  d  Co  f)s  u  I  t  i  lu^ 

Ti-c  v'orijnil  *pa;^   f  ac  i  1  i  I  y  director  is  ^;ciKM'allN'  the  coinnutcr 
■specialist    u^v   t!ic  schuol,  and  servos  as  cliiof  consul  taji  I  to 
other   tcachcM's  and.   to  the  scJiool   administration,     He  is  exrnx't- 
ed   to  he  h  noK  I  c(k;ea  h  1  e   in   the  pecularitics  and  capahilities  of 
t!ie  sch.ool's  comiuiter  hardware  and  soflKare.     lie   is  exi^ccted  to 
\}C  :\   resourco  i^m^so)!   for  ti'C  other  teachers  ♦ 

'i\\c  <:  o\'\]nxl  I        facility  director   is  usually  also   in  charp,e 
n  i"   irairnnM  of  "staff/'     Thus  he  trains  studto\t  operators 

.iiid  studvnt    :uip(M'v  i  sf)  r  s  ,   and  he  traif]s  !)  i  s   I'ellow  tencliers.  As 
nru    facilitir">,   .iro  added    (software  or  Siai'dware)   and/or  as  new 
teachors  c-mui'    into  si^'hooi    it    is   the  director's   Joh  to  ccrrry 

[]{<■   ue<:essai'>"   t  ra  i  n  i  lu: ,     I^ecause  of   the   relatively  rai^id 
torno\'cr  of  siovlent   assistants   this   is  a  continuing,  task, 

A  \-  )*y  d^v  irai^Ie  siUiation    is   for   ttu^  director   to  have 
to  contact  (Uh<M'  1eat*''(;rs  on  a  one-to-of^o  has  is  and  to 
:!-■;■■:'-*    \]'Cn   in    Ic^ariiiio:   to  use  t!o;  coiiipn  f  j  ni^   facility   for  in- 
MniCi  MO. a]    lOM"?  M):;  c  s  .     Tij  i  >  i^ay   inv()I\o.^       v  i  ju^  donsons  t  ra  t  i  on 
i'i.i  -  .-s  :i:iJ.  U:)p\  r.\\  rna  t  e  r  i  a  1  s    to   fit  a   specific  teacher's 

:,o;..;ds.     00 -.t    sc  ij'^o  Is   \\]'0-<<ly  undo  ruse   their  coiiunitin^  f  ac  i  1  ity, 
ii;at    i,  •  ,   s^^^:^l    schooi^   tloU    ioive  coiuputii^^;   I'aci  lilies  do  not 
haV'.'   ^o:on\:h   teadiers   1  ra  i  lo  a    in    its  use  and   enoui;h   courses  in 
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ulnch  use  of  the  cojnjnjtor  is  roulinc.     In  such  c/ise:;  ther<^  i 
vicar  iu  evl  lor   in-service  train  lu)'  as   iusl  ilisciissocK 
The  I ae  i I i  t  y  h  i  b  ra  r y 

A  eodinu  t  i  (^i;  facitit)'  needs  a   MiM'ary.     It  may  consist  of 
just   an  ojuratorVs  liandhook,  and  detailed  inforination  on  the 
l>r(\urcu^)  lilu'ar)'  supi^liod  by  tlie  coin]njter  nianu  fac  t  urer .  Con- 
siderahlN'  more   is  desirable,  however.     There  are  several  peri- 
odicals tftal  are  suitable  for  the  secondary  school  coni]Hiter 
libi'ary*     Tb.ere  are  many  free  ]Mib  1  ic  a  t  i  ons  of   interest  to  stii- 
donts  vind  teacfiers.     'I1\ore   is  a  need  to  have  roferorice  hooks 
(books  on  computer  programm  iuv;  and  on  various  computer  anplica- 
i  i  oj]  s  )  . 

A  koy  asju^ct  o  1'  a   fac  i  1  i  t  >^   librar)'   is  a  collc\'tion  of  well 
dor  uiiio^t  t  ed  and  readily  available  com]niter  pro^^rams  desij^ned  for 
use   ia  the  school.     Some  of  these  will   be   in  the  comjniter  inai^- 
ufacturerVs  prop,rarn  1  ihi^iry.     Man)-  v:\]]   he  s  t  udoji  t -wr  1 1 1  en  ,  or 
t  eac  lu' r  -  wr  i  1 1  ci\ ,   or  vrritten  by  the   facility  director.     The  fa- 
cility director  shouUl  continually  seel;  j^ood  programs  to  adtl 
to  this    library.      (Of  course,  as  discussed   in   tfic  previous 
-cction,  he  must  continually  work  to  ac(|viaint  other  teachers  of 
t  lie  a  va  i  1  al)  i  I  i  t ^'  and  use  of   tliose  pro^n^ninsO 

Manai^,  i  iij;   the  hac  i  I  it>' 

'CI^c  facility  dii'octor  is  in  cliari^e  c^f  iiiakinj^  sure  that 
app2'opriate  sui^^plies  arc  available.  Tliese  may  include  innich 
cards,  !)a]no'  tape,  rolls  of  T'fY  paj^cr,  mark  sense  cards,  TTY 
r  i  bhons ,   e  t  c . 

A  major  aspect  of  manat;iny  a  facility   is  maintenance  and 
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ropaii'.  i\i.o  dor:,  Vvhat  ^duMi  sojiuMiiiiiv;  i;oo^^  ruiij^?  This  :iist) 
I'l.i'^M'u         u-^c   {        ^cMdputcM-   fvic  1  1  I  t  \'  v:!uMi    i(    is     una  va  i  1  a I  r 


I  :>   -''rnid-.     Tlio  (ua  rall    ta:>k         contacting  a  i  r 

aaa   ^a  i ;  i    V  {  :i  Mui  iM  s   activity  can   Ur  quite   t  i  iiio -consinu  i  n  .' . 
if  I  \\v  racilit\-       feci  or  can  fUMM'oriH  minor  j^'ovon  t  a  I  i  ve  ^aiin- 
tonancc   I'uncliDUs  aac  !iatullc    minor  repairs   it  can  s(U'(^  a  school 
a    lot   of  i'loitcy,  and  laa !      t  !io  cofunutinp   I'acility  much  more  avail- 
a  li  1  c       r  us  . 

An    !;;inoiMant   <iiicstioii   ta;)   tljo   facility  iliiXH'tor  ami  sc?!0ol 
i-  'MV)c:'^  yuiir   schoc)!'  -  or   -chool   district's    itisuranco  cover 
i-'o!i!Mi!i  r  fiaiah'.a  rc  and    a)  ff  ua  r'a?''     l'rc(iuoruiv   l  .hi  s    is   riOt  thi; 
oa,.v^,     Vdiat    !;a!)p'ai  >    i  i'   vandal^>   thrinv  your  coiiinutor  tennina! 

(he  sccofid    'U)vv  \'.  i  inl'V.-,  ,   or   i^^ur   acid    i  n  t     yrnir  in  i  in  coiiuMi  l  ca*? 
!r:Suraiico   coiiiyn  fi  j  r  s   vd;ich   do  InU' i  t  o   !V)!icics    to  covcM^  coiii- 
'MiM;,;,'   r  V  j  u  J  pi'UM:  r    a  r  ^.  SI,    Ta  a  1    '''wv  and  ^Virinc  liiSuranco 

i\)i.i[;any  of  >airt];       ai' i  ^.'a  ,   and  R<sya[    As  :a,i  ra  nc     of  America. 

r  i  ay:a  :  a:.;   ':nd    tUid!.a;t  i  ir,: 
'!  a^"  a  i  rev;  1  .'^  y    i  s 


\}'v  I    aositi^vn   to   l-nou  ho\<  vcl  \ 

ha    -'a^iaiol^s    n::'C'-,   a^ul    lo   [■>]aM    for  nodifi  - 
i^O:   ■■]['    ■  !i>  ■    i'ac^lil^.      liu^   nlaiini!U^  for 
n'.   sh"ai^j   ;:,i-   p  i  PI  i  1  n  1^   to   t  lia  t    a^od    in  acuair- 

iant    IS,    it  qullv;    1  i  liie  c  o  n  s  uivi  i  lu.^  and 

a  ea  a  \    t  ]':C  c  uiipu  I  er    f  i  c  i  d  .     I:\'en  sue  fi  a 
*'a  i  as>  r  "  eN  '-ana-;  i  oi:  as  add  i  ay.  a  ito  1  ha*  r    t  o  tan  I  taa  1   can   lao  a  patjor 
ta^-i.  .      "liicra  ,]vc  do.aaa^   o  \[   tcnniiinl    ;;aUi  a  Tac  t  utana-^  aiul  ijcrhaps 
i!  uatl  r  ^.-d;-  i  m'  ;i(Hlels    lo   sc^iect  i'roin. 
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l-tuij',c  t  i  nv;  may  be  one  of  thc^  johs  o\'  \]\v  I'licility  ^lircttor. 
Til  i  s  (.U'lHMuls  upon  tht-  particular  school  ami  school  district. 
Ill  any  m'ont   the  facility  director  will  want  to  make  a  budget 
to  reflect   tho  true  costs  of  the  eoinputinr,  facility's  opera- 
lion.     In  i^articular  tills  sliould   include  the  salary  for  the 
fractioi^,  of  the  director's  time  wliich   is  sjKMit  directing;  tlie 
coniputini;  facility.     it    is   i  n  terest         to  include  in  this  hud- 
j^et  a  realistic  estiii;ate  of  the  costs  of  the  "staffs  fthe  free 
hel[)  one  yets  from  student  assistants,  and  from  other  teachers). 

Cone  1  us  ion 

The  main  goal  of  this  paper  was   to  demonstrate  tliat  tlie 
facility  director  of  a  small  computing  facility  has  a  large  and 
respons  i!)le  job,     [le  should  lie  a  p  [u\)p  r  i  at  n  1  y  compensated  for 
this  work.     One  \\:\y  to  do  this   is  to  give  him  significant  re- 
lease  tiifie-'-such  as  half  tiie  usual   teacliing  load.     An  alterna- 
tive  ajMiroach   is  to  give  him  extra  pa)',   as   is  done  for  athletic 
coaches.      I'lie  position  of  coiajuiter  facility  director   is  an  im- 
i)ortaiit   o];e,  ar.d  the  director  should  receive  adequate  recogni- 
tion  for  per  forming  tiiis  task. 
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;>KO'riON  F:l  (:0>tl>ONi':iNTS  OF  A  OUAI^ITY  COMPUTING  SMUVICr: 

by  Vrad  Hois^o  and  Kichard  Iialler 
Univnrjiity  of  Oregon 

Almost  every  computor  user  han  a  dofinite  opinion  of  the  quality  of 
th(^  c-ornputinq  service  that  in  hviwq  !)rovLdod  to  Ivim.     Tluii  subjoctivc? 
OT)lnion  is  often  difficult  to  c{uantify,  however*     The  purpose  of  this 
tirticlo  is  to  lii;t  a  i\urril)er  of  components  that  miqht  bo  used  in  moasiir- 
trvj  the  quality  of  a  computinq  facility. 

Two  rn.ijor  uses  are  enviisionod  for  the  material  in  this  article.  First, 
a  computinq  center  may  wish  to  measure  itself  periodically  to  see  if  the 
quality  of  its  service  improves  with  time.     Second,  a  school  {which  may 
already  have  some  comi5uting  facilities)  may  be  contemplating  joining  a 
c:omputor  not'.v'ork.     The  school,  and  other  schools  in  the  network  will 
want  to  have  a  way  of  measuring  the  q\jality  of  the  service  they  receive. 
Diey  wull  vMnt  to  make  periodic  assessments  of  user's  opinions  on  how  well 
they  are  being  treated  if  they  do  joir.  a  network. 

We  have  divided  comi-  ^tiing  services  into  three  major  areas.  The 
first  is  all  those  aspects  wliich  deal  with  the  exoeriences  of  a  uset  as 
he  attempts  to  run  a  proqram.     The  second  area  deals  with  the  necessary 
support  for  the  ongoing  operation  of  a  Center  or  network.     The  last  has 
to  do  with  the  attitudes  of  users  toward  their  relationshin  with  the 
network . 

r.     v\7-iat  is  the  nature  of  the  computing  facilities  that  are  available? 

A.     VHiat  facilities  are  availa}:)le? 

1.     Are  the  hardware  facilities  appropriate  to  solve  the  comrnito- 
tiorval  problems  that  need  to  be  solved? 

a.  f{ow  much  main  nomor^/   is  availaf>lo  to  computer  users? 

b.  Wi^at  types  of  file  storage  are  available  {including 
magnetic  disks,   tapes,  drums,  etc.)?     How  much  of 

^  each  of  these  resources  is  available  to  users  to 
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store  files? 

WhaL  Is  tho  variety  arul  acceL'.:n  hi  1  i  ty  of  avixiliary 
peripherals  (includinfj  7-channo]  tapOf  plottor.s, 
ijtoraqo  Bcopos,  etc.)?    Are  those  por iphoralr,  ade- 
quate to  the  typo  of  computinq  to  bo  done? 

Are  the  software  facilities  sufficient  to  meet  the  co!nf)u- 

tational  needs  of  users? 

a.  Are  supervisor  or  monitor  programs  useful  to  ui>ors 
and  operators  to  describe  the  variety  of  computational 
problems  easily?    Do  they  permit  sufficient  flexibility 
to  computer  users? 

b.  What  languages  arc  available  for  program  development? 

c.  Are  good  quality  packaged  systems  available  to  meet 
user  needs  in  all  major  applications  areas? 

d.  \x>  facilities  exist  which  enable  users  to  create  their 
own  program  libraries? 

e.  Can  typical  file  management  operations  with  utility 
programs  be  accomplished  easily  by  users  and  operators? 

3,     ^Vhat  auxiliary  computing  equipment  and  services  are  available 

a.  Does  the  supply  of  well-maintained  unit  record  equip- 
ment (keypunches,  sorters,  verifiers,  reproducers, 
collators,  etc.)  meet  user  noods? 

b.  Are  data  entry  riorvices  (keypunching,  scanner,  character 
recognition  equipment,  etc.)   and  contract  programming 
services  available  at  reasonal^le  costs  to  users? 

How  accessible  to  users  are  the  computing  facilities  that  are 
available? 

1.     Is  the  point  of  user  contact  with  the  facilities  convenient 
to  users? 

a.     Are  batch  job  submission  procedures  uncomplicated? 

Are  timesharing  terminal  locations  well-chosen  to  serve 
potential  users? 

Wliat  time-of-day  constraints  are  placed  on  users  who 
\vish  to  do  processing? 

r\.     Are  work  areas  and  card  storage  areas  available? 

o.     Is  the  scheduling  of  user  processing  done  with  the  re- 
quirements of  all  users  in  mind? 
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ift  t:ho  software  easy  to  learn  and  uso  (inclu<^inc;  both  uupar- 
vifior  ccMiimanrly  arul  applications  procjram.'j)? 

the  hardware  easy  to  operate? 
a.    Are  (iporatimj  procedures  for  mainframr)  or  KJH  Btationn 
Ut  flcult  for  opo.ratorsv 

I.     Does  operator  traminw  take  protracted  periods  of 
time? 

2*     Does  the  hardware  facilitate  jobs  v.'hich  require  tapes 

and  disk  mounting? 
3.     Do  bottlenecks^  occ\ir  in  the  pxocos^incj  of  jobs  with 

card  input  and  Hne  printer  or  }>unched  card  outpiit? 
1>.     Are  timesharing  terminals  easy  to  use,  especially  for 
n^^wice  users? 

1,  Ts  the  number  of  terminals  sufficient  to  m,eet  user 
demand? 

2,  Arc  the  terminals  woll-rnaintainod? 

3,  Is  the  number  of  ports  inadequate  for  peak  uso  times? 
How  reliable  arc  the  computing  facilitiei;? 

1,  What  is  the  frequency  and  severity  of  hardware  failurci^v 

a.  V/hat  docs  the  user  need  to  do  to  recover  from 
fai luros? 

b.  Is  orevGntativo  maintenance  performed  regularly? 

2,  W^iot  problems  are  encountered  by  users  and  operators  in 
the  use  of  software? 

a.  How  mature  is  the  software  (es;^ecially  operating 
systems)?    Are  crashes  frequent  and  severe  to  users* 
work  ? 

b.  vNTnat  testing  procedures  were  followed  in  the  develop- 
ment of  v^Midor  and  installation-supnlicd  software? 

c.  Are  potential  software  problems  well-docamented  for 
users? 

flow  efficiently  can  work  be  accomplished  from  the  user's 
point  of  view? 

1 .     Are  timeshari i;g  and  real-time  f  acil  i  ties  responsive  to 
the  users? 

a.     What  is  the  response  time? 
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I).    What  is  tlio  throughput  for  individual  usors?  For 
a]  1  uners? 

c.    How  bad  do  response^  liraon  arid  tlirouqhr^ut  got  under 
abnormal  conditions  and  peak  loads? 
2.     Wluit  if,  the  turnaround  tinte  for  batch  jo));i? 

a.  DocH  thn  scheduling  of  batch  io)>s  rocoynize  the  noods  of 
various  classes  of  users? 

b.  How  are  very  large,  special,  and  emergency  jobs  handled? 

c.  \<\\at  happens  to  turnaround  under  abnormal  conditions? 
WiAt  provisions  are  made  for  the  security  of  user  programs,  data 
and  resources? 

1.  What  steps  are  taken  to    prevent  accidents? 

a.  Are  systems  and  public-access  data  files  backed  up?  Are 
they  stored  "^off-site"? 

b.  noes  tape  file  protection  include  both  operator  and  soft- 
ware checks? 

c.  What  accesses  of  disk  files  arc  pennitted  and  by  whom? 
W}uit  steps  arc  necessary  to  scratch  a  file? 

2.  Are  steps  taken  to  prevent  deliberate  violations  of  security? 

a.  What  is  done  to  prevent  users  from  computing  with  anotlier 
usor^s  account? 

b.  Do  administrative  procedures  protect  the  user's  privacy? 
V/liat  are  the  economic  costs  of  doinq  computing? 

1.  How  much  does  it  cost  to  process  job-s,  store  files,  etc.? 

2.  Are  accounting  methods  rational  and  understandable? 

3.  Arc  costs  of  auxiliary  services  within  reason? 

4.  Are  costs  of  convertincj  processing  from  other  computing 
facilities  high  because  equipment  and  software  are  incompat- 
iblG  with  industry  standards? 

Is  su|)port  for  the  operation  of  the  system  adequate? 
Is  olanning  for  future  needc  adequate? 

1.  Docs  the  hardware  configuration  have  adequate  capability  for 
oxpans  ion? 

2.  Does  software  development  keep  abreast  of  user  needs  and  new 
aT)plications? 

3.  Are  the  development  staff  keeping  in  touch  with  new  hardware 
and  software  technologies? 
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B.  How  adoquatGly  aro  administexMtod  ro^ponsibi li ties  mot? 

1.  Are  chcinnola  of  <:om;nunicat: ion  bt>twocn  usor*^  iind  ddininistra- 
tiori,  Buch  ar>  a  user  advisory  board,  p^^osont  arul  used? 

2.  f5i  the  Administrativo  structure  officiont? 

^.     Ih  it  easy  for  xiPors  to  qain  access  to  the  riqht  adminlr^ trabor 

w)uin  aj)propr  i  ito? 
4,     Tfi  staff  morale  hiqh? 
C>»     Is  the  staff  competent? 

C.  HOW  adequate  ia  documentation V 

1,  Is  it  readily  availai^le? 

2,  How  accurate  is  it? 

3,  How  comprelions  ivo? 

4,  How  recent? 

5,  fiow  readoJxle? 

D.  How  adequate  is  instruction  in  use  of  the  facilities? 
!•     Are  the  formal  classo^s  offered  adequate? 

2,  Are  effective  tutorials  presented  with  reasonable  frequency? 

3.  Are  usetiul  self-help  aids  provided   (includes  computer  assisted 
instruction) ? 

E.  How  effective  is  the  consultinq  offered? 

1,  Do  users  receive  help  in  planning  for  future  applications 
(e.g.,  grant  proposals,  data  collection  strategies,  laboratory 
computers) ? 

2,  Are  maior  substantive  interests   (i.e.,  social  as  veil  as 
physical  science,  business,  administrative)   reflected  in  the 
composition  of  the  staff? 

3,  How  adequately  are  system  problems  handled? 

4,  flow  accessible  is  the  consulting  service? 

5,  How  adequately  are  individual  program  problems  handled? 
G»     How  frequently  does  the  initial  contact  have  to  pass  the 

problem  on  to  someone  "higher-up'*? 
rri.     How  satisfied  are  users  with  their  situation? 

A.     Are  all  users  being  treated  equally  and  fairly? 

1 »     Are  some  groups  at  a  given  site  given  better  treatment  than 

others?     (e.g. ,  physicists  versus  business  office) ? 
2.     Aro  some  sites  in  the  network  treated  better  than  others? 
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U.     !>(>  unorw  parLi  c:i})ate  moanirujf  ul  ly  in  <lcM;iyioii  laakiuq? 

(\  utjorr^  ftH^l  that  t)\oy  car)  actuallv  linv{'  nn  oCfnct:  on  t)\ii  qiialil;/ 

of  tho^  r  service V 
I).     Aro  nsoti]  ^iitir.Ciad  with  tho  aclfnlnislration  of  the  notworkV 

1.     l.s  the  administvation  of  t:J)o  local  si  to  satisfactory? 

2»     X«  the  total  network  administration  satis factop/? 
K.     Is  useful  accounting  infooiation  provided  with  reasonable  frc- 

rfuency? 

r.     IX)  users  fool  the  cliarging  system  is  fair? 

G.     Are  potential  users  encouracjed  to  use  tho  system? 

fl.     Are  the  interests  of  the  community  at  large  being  served? 
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SlXrriON  G:     DISTRIBUTED    AND  NATIONAL  NKTWORKS 

by  Richard  Flallor  and  C.K.  Klopfonstoin 
University  of  Oroyon 

/ ntroduction 

To(iay'i4  cVoctronicB  tochnolcKjy  makos  posnihle  tho  dosicjn  and  cou- 
;;l  T \i',:t \or\  of  coi^puV.oi*  hardware  whosn  mas^jivo  computer  uowor  is  cont.airujd 
in  telativclv  si-nall  packaqos,    A  maior  portion  of  the  cost  of  construc- 
tion of  those  now  computers  is  in  tho  power  sources,  ccJ^inots,  and  mathe- 
matical compononts,  not  in  the  logic  components  thomselvos. 

Because  of  this,  the  computincj  power  of  a  modern  computing  system 
increases  faster  than  the  cost  of  the  necessary  hardware.     In  addition  tho 
proqrc\mri  which  control  the  operation  of  the  computer  (called  oporatinq 
r^ystoms,  monitors,  etc)  have  become  increasingly  more  sophisticated,  A^^ 
a  result,  attempts  have  been  made  to  consolidate  applications  foiimerly 
dono  sep^trately  on  several  small  machines  onto  one  larger  computing  sys- 
t,om»     When  this   is  done  successfully,   tho  total  cost  of  comnuting  turns 
out  to  he  loss  than  tho  sum  of  the  costs  of  the  formerly  independent  opor"- 
atiotia.     The  savings  involved  are  commonly  referred  to  as  "economy  of 
scale."    The  limiting  factor  for  economy  of  scale  is  orimarily  the  cost  of 
developing  rare  sophisticated  operating  systems   (software)  which  make 
<:onso  1  irlat ior\  possible.     In  some  cases  this  cost  may  exceed  the  savings 
involved  or  tho  system  may  be  so  complicated  as  to  reduce  the  overall  ef- 
ficiency of  the  system  to  a  point  where  ecoriOmy  of  scale  is  not  realized, 
Ifowevor,   in  most  cases,  it  can  be  shown  to  be  more  economical  to  combine 
as  many  computing  applications  as  possible:  on  a  single  computing  resource. 

Tho  most  sophisticated  coml^inaLion  provides  for  a  distribution  of 
computer  hardware  components  at  various  geographical  locations,  connected 
by  high  speed  communications  linfis.     Sorre  sites  which  formerly  had  indepen- 
"  Q   O'omputing  facilities  now  have  input-output  devices  (called  Remote 
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Jol)  I-nt  ry  or  M\]  staiJ.oniO   to  computors  locatod  olaowhoro,     A  no! work  of 
comput  4^n>  tl\at  t'unctions  m  this  way  can  rosul  t  in  ofUimal  usnqr?  of  tho 
coiiiput  f»r  hfU'dwaro,  since  work  loads  can  ho.  distr il)utccl  to  locations  whore 
t  imo  'Uul  rosourcos  arc  n\ost  available,     Tho  rodiJitrilMition  of  comrnit inq 
loads  on  tl\o  basi<;  of  demand  is  f;allod  "load-sharing".     The  physical  Jo- 
cation  of  each  resource  (node)   is  an  unimportant  factor  to  the  success  of 
otioration  of  this  kind  of  network. 

To  tost  the  usefulness  of  the  network  philosophy,  several  oxporimcntal 
systems  have  been  implemented  at  V:>oth  state  wide  and  national  levels, 
Specific  exainples  of  each  mode  of  implomontation  are  given  in  the  following 
sections. 

£? ^   lized  Network 

Central  networks  have  boon  f ^arti cul arly  favored  in  extending  comput- 
ing facilities  to  small  institutions  which  have  little  or  none  of  their 
own.     A  'cntral  izTid  network  consists  of  a  single,   large  computing  facility 
in  a  single  location  witli  communications  links  to  other  sites  (PJE  sta- 
tions) . 

Af  1  van taqos:     The  advantages  of  this  type  of  network  organization  lie  chief- 
ly in  simplicity  and  economy  of  scale.     1)   Since  a  single  computer  at  a 
single  r.ita  is  involved,  system  maintenance  and  documentation  is  relatively 
simple.     The  user  of  a  centralii'.od  system  need  only  learn  how  to  use  one 
tyno  of  operating  system  und  understand  one  set  of  documentation.     2)  Econ- 
omy of  ^:clae  takes  advantage  of  the  fact  that  the  cost  per  '^unit  of  compu- 
t  ing  v/ork"  becomes  progressively  less  as  the  size  of  the  system  increases. 
J'.y  [)oolinq  demand  and  resources,  participants  are  able  to  secure  computing 
a  lover  individual  cost.   3)     One  large  machine  has  the  capacity  to  run  a 


much  larqer  proqram,  if  the  rncichino  rosourcos  aro  made  availcU)le  to  it  ox- 
clufjivoly,  than  could  be  done  on  any  one  of  several  smaller  computers  witfi 
tho  samo  total  throughput  as  tho  ono  larqor  computer.    Howovor^  in  a  not- 
work  viti\  many  different  uiiers  and  sttos,   it  may  ho  impractical  to  allow 
this  except  at  unusual  tiiuo^  of  tiio  day,  such        4!00  A.M.     4)  Another 
potential  of  networking  in  general  is  dopondont  on  trio  particular  pattern 
of  network  use.     Networks  whose  users  demand  peak  at  di'Cretunt  times  can 
more  effectively  utili^^o  a  common  computing  source.     Thii3  is  the  case,  for 
example,  when  the  uyors  are  located  in  different  time  zones. 
Disadvantages:     Obvious  disadvantaqes  of  the  centralized  approach  include 
roalicUnlity  and  lack  of  diversity.     1)     If  all  users  are  on  a  single  sys- 
tem,  ther.  when  it  fails  they  are  all  affected.     The  use  of  duplicate  com^ 
pononts  in  a  single  system  (dual  CPU's  etc.)  or  tho  linking  together  of 
several  computers  of  the  same  typo  (a  homogenous  centralized  net)  aro  solu- 
tions to  the  reliability  problem  at  additional  cost. 

Lack  of  diversity  is  the  opposite  side  of  the  advantage  of  simplicity. 
2)     In  design inc/  computing  systems,  vendors  arc  forced  to  compromise.  The 
same  dosiqn  is  not  ideally  suited  to  scientific  uses,  administrative  or 
fjusiness  uses,   time-sharing  versus  large  scale  computation  (numbercrunch- 
ing)  or  printincj*     The  type  of  system  chosen  by  an  installation  reflects 
the  relative  interest  level  in  different  types  of  computing  there--the 
specific  applications  required.     This  is  particularly  true  in  the  case  of 
higher  education  where  different  colleges  and  universities,  while  attempt- 
xn.j     to  prcivido  a  variety  of  educational  and  research  opportunities,  a^e 
clearly  much  stronger  in  one  area  than  in  another.     Systems  of  higher  edu- 
cation such  as  biat  of  Oregon,  which  to  avoid  duplication,  concentrate 
certain  programs  such  as  the  law  school,  medical  school,  agricultural  pro- 
g      Q    teacher  education,  etc.,   in  different  institutions,  magnify  this 
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tiioii,  iK'Sns  (Urficult  ios   in  provicUruj  acUuiuate  sorvico  to  all  tyi)orj  of 
Uooi's.    'rhf!  most  diCficuIt  problems  are  undoubtedly  human  oncs~-providi.nfj 
a  inochanl.sm  whoio  c  cif licts  of  interest  aro  workt^d  out  to  everyone's  fiatifi- 
r"a(,:t  ion, 

3)  A  not  so  obvious  but  vory  real  disadvantage  of  centralized  net- 
works ii}  their  effect  on  user  services  at  eacl    remote  site.  Having  systems, 
user  servicon,  and  a^irainistration  personnel  all  at  the  same  site  effect- 
ively provides  for  easy  communication  between  groups.     User  problems  en- 
countered by  one  group  become  conunon  knowledge,  and  their  solutions  are 
speod^'.     In  addition,  the  level  of  knowledge  of  the  user  services  person- 
i;ol  about  the  current  state  (i.e.,  problems  and  potentials)  of  the  system 
is  high.     A  user  with  a  problem  is  more  likely  to  have  it  solved  by  his 
local  personnel.     Fiy  centralizing  systems,  program  development  and  adminis- 
tration at  one  sitC/  very  decisive  and  effective  action  must  he  taken  to 
insure  that  local  people  have  adequately  informed  local  staff.  Effective 
channels  of  communication  have  to  be  available  in  case  the  problem  cannot 
ho  solved  at  a  lower  (local)   lovo.l  .     Once  again,  people  problems  are  the 
important  ones. 

4)  In  addition  to  the  problem  of  education  of  local  personnel,  there 
are  nuvsons  to  fear  that  the  most  able  people  wM  1  gravitate  to  the  center 
"v;here  the  action  is",  further  aggravating  the  problems  of  the  remote  user. 
Tliis  problom  obviously  affects  }>otential  users  who  have  their  own  systems 
which  would  bo   lost  by  joining  a  network.     Users  without  current  facilities 
should,  howGVcr,  include  thorn  as  a  factor  in  evaluating  the  desirability 

of  a  loval  system  vorsus  joining  a  network.     It  is  a  part  of  the  answer  to 
the  ^ruostion  ^'which  gives  me  the  most  for  my  money?". 
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5)    An  additional  problem  involves  Lho  potential  effect  on  computer 
science  departments.    Institutions  which  would  lose  computing  facilities 
will  also  likely  experience  pressure  on  their  computer  scionco  departments 
from  two  sources:     a  probcible  tendency  for  students,  just  arj  norsonnol/  to 
want  to  l)o  at  the  center  rather  than  the  periphery,  and  the  loss  of  poten- 
tial research  assistantships  to  support  students. 

F.xistincj  ContraU?.ed  Notv/orks;    Several  networks,  both  commercial  and  edu- 
cational have  at  one  stage  or  another  adopted  the  centralized  format. 
Typically,  the  large  commercial  network  format  such  as  nvrt^share,  TSS,  and 
CYBi':F<.Ni:T,  have  moved  to  a  distributed  network  format  for  reasons  of  reli- 
ability, communications  costs,  and  potential  load  leveling.     One  area  in 
v/hi<:h  central iiicd  networking  is  still  popular  is  the  Exploratory  Proqram 
of  Regional  Computing  Activities,     conducted  by  NSF.    Oregon  State  Univer- 
sity is  part  of  one     f  ton  such  projects  fundcd»     This  approach  has  pri- 
rrtarily  been  concerned  wj  tJi  providing  some  sort  of  computing  resources  to 
iW;hoolsj  v;hic]i  have  little  or  none.     While  the  results  of  the  progrcim  were 
generally  favorable,  one  ir;teresting  phenomenon  was  that  as  usage  at  the 
sn\all  schools  increased,  the  most  common  response  was  to  drop  out  of  the 
network  and  got  their  own  small  machines.     Apparently  the  advantages  of 
access  to  a  larger  system  wore  not  sufficient  to  outweigh  the  desirability 
of  locally  controlled  facilities.     Since  the  cost  of  mini-computer  systems 
has  dropped  dramatically  while  communications  cost  have  not,  in  some  situ- 
ations it  is  not  clear  that  networking  is  cheaper.     This  is  particularly 
true  when  large  distances  are  involved  and  large  programs  are  not  used, 
ounimary ;  i\  centralized  system  offers  simplicity  of  implementation  (lower 
costs),  documentation,  user  education  and  administration.     In  some  circum- 
stances it  may  provide  a  larger  system  for  a  particular  application  on  a 
snf>r^^;ii  basis.    Communication  costs  pennitting,  computing  can  be  cheaper 

ERIC 


Vt  1  I  J].U 


in  a  contrali^'od  ncLwork  duo  to  econoiny  oi"  ncalo  tl\an  ran  sovoral  smallor 
indcporuicnt  O))0rationB,     It-  raisor>  a  luimhor  of  pvoV>loms:  comj^unicalion 
will)  and  oducaiion  of  remote  users,  sati.t;fyi  ncj  a  divor.sity  of  interests  on 
a  j3inqlo  system,  and  systora  reliability.     rt  poiio^i  a  tJ^reat  to  the  continued 
oxistaiu/e  of  computer  science  (lepartmeiits  at  schools  at  remote  areas, 

D  i  s  t  r  i  bu  tod  No  two rk  s 

In  a  distributed  network,  several  computing  facilities  at  different 
locations  are  linked  together  with  high  speed  communication  lines.  RJK 
stations  can  access  any  of  the  facilitieb.     Since  one  of  the  advantages  of 
a  distributed  network  is  reliability  and  increased  potential  for  load- 
sharing,  this  design  is  currently  favored  by  national  networks,  both  com- 
mercial and  educational.     Decreased  cominunications  costs  over  long  distan- 
ces and  increased  reliability  of  communications  are  also  features  of  a 
distributed  network  whicli  i attractive  to  national  users.     There  are  two 
kinds  of  distributed  netv/ork:     homogenous,  where  all  the  computers  providing 
oorvi^.:c  are  of  the  same  type,   and  het  oro<jonous ,  where  they  are  not.  Both 
kinds  of  distributed  networks  offer  the  advanttiges  of  rolial^ility  and  poten- 
tial load-sharing*     They  allow  a  degree  of  local  control  and  hence  the  pos- 
sir>ilitv^  of  some  degree  of  specialization  at  each  site  in  response  to  local 
needs.     ftie  jjresence  of  system,  program  development  and  administrative  per- 
sonnel at  each  site  helps  maintain  a  higher  level  of  viser  services  as  the 
price  of  some  increase  in  personnel  costs.  Kxisting  computer  science  pro- 
grams,  far  from  being  threatened  with  the  loss  of  support  for  students  and 
the  exodus  of  quality  students  and  staff,  would  be  strengthened  by  the 
presence  of  a  distribvited  network  since  a  wider  variety  of  resources  are 
avalia}:>le  to  thora.     This  is  particularly  true  in  the  case  of  a  heterogenous 
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network  where  users  would  ho  able  to  gain  oxporioncc  on  different:  machinos 
and  couunuiucat iosi  with  countorparts  at  other  sitob  would  be  ^*»timulatod . 
Advantaqos ;  I)  Homocjonous  i\otworks  offer  the  advantage  of  simplicity  of  irn- 
plomontation,  documentation,  education  and  charc^inq  i>tructurc,     Procjraws  or 
tlata  iU'li^  (fiU^s)  created  at  one  cetUor  ari;>  iinrnedlatoly  usable  at  another. 
Ono  rtot  of  documentation  in  sufficient.     [)oriigning  a  protocol  for  corruaur\t- 
r-ation  from  one  center  to  another  is  straightforward.     As  in  a  centralized 
system,  the  ur5or  needs  to  know  only  one  set  of  procedures  for  usinq  the  re- 
sources of  the  system.     2)     Since  more  than  one  computer  is  availcO^le  to 
55erve  u?;ors,  failuro  of  one  does  not  moan  that  all  users  are  affected. 
A  distributed  network,  vn  fact,  provides  more  reliability  than  independent 
cornfiutcrs,  since  users  at  the  sito  w)uch  is  not  working  have  alternate 
sourcos  of  computinq  avai  l."i})lo .    Computinq  continues  to  qo  on,  thouqh  por- 
haos  at  a  slower  rate,  at  all  sites.     Hio  ability  to  respond  to  the  failure 
of  a  component  l>y  reduced  servjcos  rather  than  their  compLote  lack  is 
sometimes  called  "graceful  degredation . "     3)     Heterogenous  distributed  net- 
works offer  the  ultimmte  in  flexibility  of  facilities.     This  advantage, 
though  vt  sprinqs  from  differences  in  emphasis  at  different  centers ,  is 
nonetheless  of  value  to  all  users  of  the  network*     For  example,  physi- 
cists at  one  university  or  research  center  may  not  hav^  enough  influence 
or  resources  to  provide  the  kind  of  computing  they  would  like  at  their 
own  center.     Thev  may  be  alole  to  make  good  use  of  those  created  at  another 
node  in  the  network  by  a  larger,  richer  department.     4)     This  advantage 
extends  to  the  instructional  level  as  well.     Special  progrcims  developed  by 
one  department  for  ii^structional  purposes  are  available  to  others.  The 
:'ia;n  point  is   tiiat  docentralixation  and  a  degree  of  local  control  encourage 
diversity  while  the  presence  of  a  network  helps  insure  that  these  diverse 
applications  are  usable  by  others.     Lack  of  transportability  of  software 


«U>yo1uiaNi  on  oiu;  ruu;hinn  to  a  (iii  forMiit    Hif  Im:;   l(?ci  in  \hv  past,  to  a  sitaui- 

^0     An  a^Mi  t  i  f^nal  a<Want:a<H'  of  luM  c  roqonl  l  v  I  lo:;  In  the  pot.onlial  for 
oxi^an^iion.     "nco  pro^/lcm  of  qot.Linq  differvint  comnntors  to  talk  to  each 

ollu»r  i;:  :'<>lvo»i  by  sf^ocii  y^ncj  :^l,u\diud  [;iotot;oh.  ai\d  intoi'faco  harciv/aro,  Jt 

rrlativeiy  oasy  to  ciM  :ukUUi.^ual  coinputors  to  the  network,  rcqazxVloss 
of  UhMa'  ck».siqn.     ^rhis  roliovcr:  the  noLwcn'k  of  dopondonco  on  a  single  tnanu- 
factutor  and  allows  it  to  take  advantago  of  jiowet',  faster  and  cheaper  hard- 
ware when  dosirablo.     This  advantage  is  an  important  one  aince  the  trend  in 
the  industry  has  boon  to  more  powerful  and  leats  expensive  machines.  Con- 
inLtrnent  to  a  centralized  network  or  a  homogenoiu?  riistributed  network  moan3 
that  to  take  advantage  of  newer,  ch(VJ!;!^r  technology,  th<^  entir(^  network  may 
have  to  bo  i:of)laced,     6)     The  final  vidvantage  of    \  diHtrihuted  notv/ork, 
oejpocially  a  heterogenous  one,   is  tht^  prot  ( !r:t  ion  it  give:    to  the  users.  A 
centralized  not  vs  like  a  monopoly  utility.     You  oi  t}\er  use  tlie  .services 
provivled  or  "lake  your  l^uruner^s  to  Wa  Ig  rr^on '  s .  "     To  deal  with  this  problem, 
loquUitorv  bodies  are  sot  up,  su;  i:.osodly  representing  tl^e  interests  of  all 
justoii'MT,,     Another  solution  t^^^  this  problem  is    :orapetition  and  tlie  forces 

0  f  t  h  c  v.\  a  r  k  r.- 1 .      i  f  s  u  pp  1  i  (}  r  s  t  n  a  s  t  com  e  t  o  for  c  ■  u  -  s  to  m  e  r  s ,   they  a  re  mo  re 

1  i. 0 1  y  t o  a c t u a ]  1  y  lis t o n  to  th i \ .     fi o th  t y p e s  * o i  organisation  have  been 
l)ot.:s    ;;u;c>-:ss  ful   (liell  Telep^l\on-  ,    tho  airline   industry)   and  unsuccessful 
(^J..;,  r^ost  Offi,;:",    the  auto  industry).     Tlie  main  problem  in  a  market  place 

o  1  u  t  i  o n   i : .   i . ( >  i u r e  t h a  t  t: ho  s up [ )  1  i  o r ^ t  r u  I y  c om o o  t e  v; i  til  each  other. 
'  >  I  V - } I \  t  h e  c; h o  I  c o  ,  n o s  t  us t?. r s ,  w e  he!  i ^ v a  ,  p r e f  e r  c o : n p c t  i  t i o n  ,  wli  i  1  o  est ab ~ 
lir:.iiod  suppliers  (lorfer  nonopolyl     In  addition  :^ultiple  suppliers  means 

.■i:...h  does  riot  luwe  t.o  s-'^  ri]  ]    rh:MjS   t;-)  al]   people.     Nee:lless  to  say, 
tin-  lur-ffr  tho  rmnbor  of  suppliers,   tho  l^ett^?r  this  solution  works. 
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^^i^y^5j^:^/\^^5t/^.«     1)    '^"J^G  vciCiiu  cllfMdvantagcs  of  a  holorogonous  network  lio 
iri  tilt*  ^lltntnilty  (and  thereby  tho  cost)  of  tl\oir  initial  iii^plomcntati on 
arul  f1)o  education  and  2)  documentation  dlfficultios  posed  hy  different  sys- 
h^jDs  with  ihfvir  own  f>ecnlvuvit  iu3 .     Althouqli  Inplornontation  of  a  hotorocjonous 
network  vnU  always  bn  mote  complicated  than  a  homogonous  ono  or  a  central- 
ixod  ono,  thoro  is  reason  to  })oliovo  tlio  cjap  will  soon  be  closed  consider- 
ahiv.     The  very  nature  of  the  problem  forces  solutionr;  in  the  direction  of 
itandardLx.at  ion  of  cotrjTmnlcations .  Once  large,  diverse  networks,  such  as 
AHPA  (to  l>o  diBf;\xssed  later)   arc  successfully  implemented,  their  hardware, 
[;2otocol,  .specifications  and  in  many  cases,  even  programs,  can  be  utilized 
to  construct  sjnaller  networks:  with  a  different  mix  of  computers. 

I'MucatioM  and  documentation  are  definite  problems.     In  existing  not- 
vAJVks  of  this  type,  in  order  to  use  a  particular  system,  the  user  must  be 
acquainted  v/ith  all  it.s  vagaries.     There  is  no  standard  operating  system 
lanfjuaqe.     liven  languages  with  the  same  name  such  as  BASIC,  ALGOL,  FORTRAM, 
or  COROL  differ  in  their  soccial  features  on  each  machine.     That  is,  of 
coun'io,  ono  of  the  prices  of  diversity  and  is  in  itself  an  educational  tool 
since  students  cannot  predict  what  system  they  will  be  working  with  after 
graduation.     In  that  sense  it  ma/  be  a  blessing  in  disguise.  Typically 
on  such  systems  the  user  masters  one  which  he  believes  is  best  for  him, 
probably  the  local  one,  hears  about  some  nice  feature  somewhere  else,  and 
becomes  motivated  to  learn  how  to  access  it.     The  primary  task  of  good 
network  administration  in  this  environment,   then,   involves  the  "advertising" 
of  the  resources  available  at  all  the  different  sites  and  seeing  that  ap- 
;)ronriato  infomation  for  accessing  and  usinq  them  is  readily  availal^le. 
3)     if  the  r^.etwork  is  homogenous,   flexibility,  though  greater  than  in  a 
centralized  network,  since  each  site  does  not  have  to  be  identified,  is 


9^-athr:r  limited. 


\  ':<Mn^  [or, :     TIh'  known  In >n^^ 'Mrnous  dl jj t  f  i  hut  ct I  ru)tv;<>rks  arc.  inoh.iJVly 

IliM';;,    r.;s  and  ('l)<''^>,  CiHi;[<NI:T|  wliidi  are  usod  primarily  for  lnisin(?tti> 
.iT'fd.i ' I  nns .     A  visoful  (>xamnle  in  odu<".U  iou  is  tha  Mi:lvlT  (Michiqan  r^duca- 
(doriril   I'l'iuKtrch  Inronnat  ion  '^^riad)   nolv/ork.     IL  consifit-n  of  an  IBM  360/70 
ai  tho  iJnivor^iity  of  Michiqan,  anot.iior  at  V/ayiu^)  :U.ate  University  and  a  CDC 
t.500  at  Mchigan  State  University.     rt*s  organii^ation  is  quite  similar  to 
tlv  n  it  ionwido  /\RPA  network  which  is  discussed  separately  under  national 
nolworks.     Kach  computer  i?>  linkod  to  tho  other  via  a  PDP-11/20  comir^uni- 
c'ation:'>  cx^ntrolJer,  mini-computer  via  cUal  up  voice  grade  telpak  lines. 
The  primary  problems  encountered  in  this  project  have  been  mannqement  ones. 
In  particular  the  issue  of  cash  flow  from  one  university  to  another  is  a 
knotty  one.     Vhose  i^rohlems  have  not  prevented  MF-RIT  from  being  a  success 
as  far  as  its  participants  are  concerned. 

Sumaiy :     In  suminary,  distributed  networks  offer  the  advanta^^e  of  reli- 
al)ility  and  potential   load-sharing.     They  diffuse  expertise  more  effic*- 
iently  to  all  users  at  the  f)rice  of  liigher  }:)orHOnneI  costs,   and  provide 
more  c)ni;ortunity   for  local  accomodation  to  locvVl  pi-oblens.     In  particular 
l.'.'tA'.roqenous  nets  promote  a  diversity  of  apnlic^i tions  and  enaljlo  a  high 
dr^qree  of   future  expandability.      Tf  long  ciisidnces  are  involved,  substan- 
tial savings  in  co:runun :  ca  tion  costs  arc  possii>le.     Tne  main  disadvantage 
of  heterogenous  nctv;orks  is  difficulty   (and  cost)   of  imolemontation, 
documentation  and  education.     Irnp] omentat ion  costs  should  docreas3  as  more 
h^^ tero^-Huious  notworks  are  formed. 
rJut  1.  una  1  -.'c^  tworks 

Most  existing  national  netv;orks  are  comjnGrcial  ly  operated  and  are 
:jrimarily  husitios:.  oriented.     VAi  i  1  c  t:iu>  services  of  such  networks  might  be 
useful  for  administrative  functions,   tlieir  use  for  instruction  and 
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rei^ioarch  applications  is  c^iiostionablo*     In  the  absence  of  significant 
educational  discounts  it  is  also  quostional)lG  wl;other  commorcial  networks 
would    ho  economically  feasible* 

An  oxcoption  ii?  the  AIU'A  (Advanced  l<i.)soarcli  Projects  Administration) 
Nelwovk.     'I'his  is  a  clistrihutod,  hotoroc|cno\js  network  linking  up  some  of  the 
nost  soj)histicated  computers  in  the  nation,  including  the  massive  ILLEAC  1V» 
At  least  15  sites  and  23  computers  are  currently  part  of  the  network.  Al- 
though ori(jina-ly  a  research  project  in  the  feasibility  of  such  networks, 
sponsored  by  the  Department  of  Defense/  plans  are  underway  to  convert  it 
to  a  self-maintaining  national  network.     Interesting  features  include:  the 
incredible  power  and  diversity  of  the  machines  available,  the  highest  re- 

lia\>ility  of  any  corranuni  cat  ions  network  in  existance  (one  bit  error  in 
1  2 

10      bits  transtaitted  and  alternate  paths  in  case  one  connection  is  broken)  , 
low  cost  of  data  transmission  anU  high  data  transmission  rates.     For  the 
more  sophisticated  user,   the  capability  of  coordiucted  action  of  several 
computers  on  die  same  problem  is  being  implemented. 

Cost  of  tying  into  the  ARI^A  Network  is  $50^000  for  an  interface  mes- 
sage processor  (IMP)   which  can  be  interfaced  to  up  to  4  local  computers  at 
a  cost  of  $15,000  apiece.     In  addition,  maintenance  would  run  about  55/000 
a  year,  and  comjnuni cation  costs  are  $16,500  a  year  plus  30<^  per  million 
bits  (kilopacket)  beyond  4500  kilopackets  in  a  single  month.  Additional 
costs  might  be  incurred  in  software  development  for  the  local  computer,  but 
due  to  the  large  number  of  different  computers  currently  in  that  net  (in-- 
eluding  PDP-lO's,  IBM  360/70's,  PDP-ll's)   it  is  highly  likely  that  the 
necessary  software  could  be  obtained  at  little  or  no  cost  from  a  current 
user  (since  the  development  was  government  sponsored) . 

Other  national  educational  networks  in  the  planning  or  development 
s"""^  'delude  the  Quantumn  Chemistry  network  and  the  NSF  national  network, 
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'!"ho  fonnor  is,  of  courso,   roytrictcd  in  \IH  cjcnoral  nriofulnoss, 
AdVfXnt  a^Ti^^>  and  Pi  v;advantar|(>s ;     1)     'I'lio  disadvoiUiUjos  of  national  networks 
ai*o  the  Stimc  as  thono  of  any  diatribuLod,  hetoroqonous  net,  including  com- 
oioxity  of  dDcumontat ion  and  oducatioru     2)     In  addition  thoro  iv>  the  prob- 
lem of  ca^ih  flow  to  (M;t*of-state  in:^titnt:iono  and  itr>  possible  bad  effect 
on  loral  comf^utcr  cmitor^;.     3)     On  the  olhor  haiK.i  tho.  Icirgo  mimbGr  of  con-- 
tox  r.  in  ^i^^'h  a  network  coinpoti  ntj  to  cjivo  r>orvico  he1i]")S  insuro  reasonable 
charqos  for  computinq  and  motivates  Huppliors  of  servicoB  to  bo  friendly 
and  attentive  to  the  nocdfi  of  their  customers,  vinlike  the  monopiy,  *'take 
it  or  leave  it''  situation  inherent  in  contralix.ed  nets,     4)     Perhaps  the 
greatest  advantage  is  that  users  can  tie  into  the  net  at  a  cost  in  the 
case  of  AWA  which  is  realistically  affordable  by  oven  a  small  school  and 
have  th;e  use  of  resources  affordable  only  by  tho  largest  and  richest 
schools.     5)     The  affect  on  cornputor  science  dopartmenti.  ought  to  be  simi- 
larly boniticial.     Although  student.-,  will  still   tend  to  gravitate  to  tho 
schools  where  the  large  computers  are  actually  "located,  no  srt^all  or  even 
medium-sized  operation  could  hof^e  to  compete  on  equal  terms  witii  these 
grants  m  any  case. 
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Section  H;    Wjstracts  of  related  articVtiS  for  Chapter  VIII 


2 

Computer  Co-Op:    Share  the  Wealth  &  Cut  the  Costs 

Unsigned 

3 

Can  Hmall  School  Systems  Use  Computers? 

Rutt  &  Guthrie 

4 

How  Computors  arc  Chanoin^  KduC(^tion 

Cilmore,  H. 

Accessibility  and  the  Bmall  Computer 

Gross,  A. 

0 

So  Vou're  Tliinking  About  (letting  A  Computer 

Heilman, 

7 

Planning  for  an  HDP  System 

Kenny  &  Rentz 

B 

Yes,  We  Have  No  Computer 

Meyrr,  D, 

9 

Going  Computer  is  Kasier  &  Cheaper  Than  You  Think 

Provost,  K. 

10 

Computer  Displays 

Sutherland,  T. 

u 

So  You're  Going  to  Purchase  a  Computer  System 

Trocchi,  H. 

12 

Insurance  for  Your  KDP 

Zaiden,  D. 
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roiUj^Mitrr        pp^     SIumh;  llie  woaltl)  aiul  lUil    the  (losts 

iWith  the  puiMic  and  scIujoI   adii  i  11  i  st  r^i  t  ors   fiiul  it  difri- 
cult    t  (»  accept   tlic  j^rico  ranj^c  of  cxclnsiv^oly  owiiofl  coinputor 
oquipiiiont   suitable   Tur  schools  today  •     l^rices  np)>car  to  r.\ni\e 
from  $7ri,()()n  to        000,000,     Schools  and  cjIIc^os   ia  northern 
New  Jersey  have  foriDcd  a  co-oii  to  cut  tliosc  costs  significant- 
ly.    Thirty- five  schools  and  collop,es  comprise  the  Instruction- 
al  i:()nii)uter  Coojn^  ra  t  1  ve  ,   IXlJ,   (ICC)  built  around  two  Hewlett - 
Packard  time  shared  systems. 

Thirty-two  terminals  can  be  used  simultaneously,  connect- 
ed by  normal  phone   lines.     All  operating  costs  are  shared  on  a 
flat   fee  basis.     When  ICC,  an  independent,  non-profit  j^roup, 
was   formed,   sixteen  schools  participated  on  a   24 -hour -a -day , 
seven  -  day -a -week  connect  ioji  for  a  fee  of  $3000  per  school.  To- 
da)'  twenty- four  schcn^ls  belong  and  the  fee  has  been  reduced 
to  S2000.     The  cost    is  low  because  1)   tl^e  systems  themselves 
are  relatively   inexpensive,  and  2)   ICC's  staff  is  composed  of 
volunteer  teachers  •     Also,  the  Hewlett -Packard  equipment  func- 
I  i  ons  una  t  t  ended . 

ICC  was   farmed  after  many  iiieiiiber  schools   found  the  cost 
rf  time -shared  greatly  exceeding  the  expected  I)udgeted  allot- 
ntcnt  of  funds,   as  a    result  of  an  unexpected  Ji  i  gh  usage  rate. 
Ihe   first  thirty-two  terminal  system  was  purchased  with  a 
^.;>S,000  XDliA  grant.     The  second  was  purchased  to  allow  for 
MKreased  )uembersbi]>  and  to  tlocrease   loj\g  distance  phone  bills. 
At    ttie  present   lime,  a  centrally  located  jnultiplexor  funnels 
ie-ng  distance  computer  messages   from  several  users  over  one 
teiei)iione   line.     This  will  be  eliminated  next   year  when  a  third 
system  will  be   incor])orated   into  use.     Hased  on  past  experience, 
this  new  system  will   be  self  supj^orting  after  one  year. 

ICC  hopes  within  the  near  future  to  offer  services  to  otlun^ 
■  catlored,    'Jghtly  populated  areas  of  New  Jersey.     The  toughest 
problem   is  conviiK-ing  otlier  districts  thrit  a  co-op  organized 
and   run  hy  school   people  can   function  efficiently.  Several 
■services  are  offered  to  new  members,    including   instruction  in 
usitv.'.  etiuir^ment,  workshops,   and  tin  "Instructional  Dialogue 
i'acilily''   lIDl'}    that  enables  subscribers  with  no  knowledge  of 
p  rograiiun  i  ni;  to  write  their  own  lessons. 

A   series     f  new  uses   for  the  computer   in  education   is  be- 
iny,  studied  i)v   ICC  and  a  list  of  several  of  these  new  uses  is 
i  IK'  1  uded  in  this  article. 

S  t  ewa  r  t   Iv'e  i  me  r 
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But  t ,  U.l; .   f,  CI..  Guthrie 

Can  Small  School  Systems  Use  (:omi>ut  cm^s  ? 

Scrioo  r'Maluipmon  t  * T AuglVs  t  *1^7  2.J^  fip^57'-  31) 


A  now  dimension  in  manageiaont  an  J  educational  concepts 
lias  heen  developed   \n  Loudoun  County*  Virginia,  a  metro])o]  i  t  an 
area  of  IVasli  i  n^:  ton  ,  D.C.     The  project  serves  n  s  an  excellent 
examine  of  wluU  can  be  done  for  smaller  school  systems. 

Detailed  (Uia  lysis  of  all  as]>octs  of  computer  uses  and  ^^oals 
were  set  up  within  definite  parameters.     Honl  settling  and  pro- 
McMii  dcH'ini  lions  were  developed  for  the  total  system.     The  oh- 
Jectives  were  to  oI)tain  a  responsive  service  to' the  educational 
system  and  community  and  yet  remain  witliin  the  severe  cost  limi- 
tat  ions . 

An  imi^ortant   result  of  the  study  was  the  combining  of  edu- 
cational and  manaj^eme  it  concepts   in  order  to  develon  performance 
requirements  for  the  comjiuter.     Another  result  of  this  concept 
was  a  decision  to  use  a  "teacher -manager**  to  nrovide  an  effec- 
tive bridge  between  ]M'o  fess  i  onal   teacliinp  objectives  and  man- 
agement objectives.     To  liel]^  ttecrcase  costs,   tfie  decision  was 
mad.e  to  r.ot  use   tiie  computer  for  smaller  or  s  e  1  dom -occur  i  n  g  pro- 
1)1  ems.     RatluM',  programs  were  developed  to  handle  the 
o  f  s  t  anda  rdl  y  occur  i  ng  proli  1  ems  . 

i)no  |)urpose  served  hy  I  lie  Loudoun  IM'oJect   hns  I'cen  to  nro- 
vide a  moile]   \;hlch  ci\u  lielp  other  snuil  1   school   systems  avoid 
ipost   start-up  costs  and  to  avoid  the  "large  comjuiter  syndrome", 
tiie  j.eed   for  a  bigger  and  better  computer. 

(^onc  lus  i  oi\s  reached  l;y  the  Loudoun  Project  and  otliers  arc: 
most   sehools  and  county  systems  can  ai'ford  nnd  utilize  a  small 
g,cMiera.l  purjiose  computer  following  the  Loudoun  modc^l  ;   the  cri* 
t  ical   area   is   tb.^:   applLcatLoi;  of  management  techniques  ratlu^r 
lii.'Ui  development  of  com])utcr  technology;   priorities  and  needs 
of  small   scliools  and  governments  teiul  to  be  more  in  the  areas 
of  fun(huiier. t ;j  1  workloads  (ind  community  relations;   shnring  is 
e!Hir::ly  feasible;   tliere  are  ample  condidates   for  sharing,  such 
as  i^oseitals  and  li[n\'iries;   general  ])urpose  comjuiters  are  with- 
in reach  of  sm:i  1  1  communities;  luniian  factors  are  more  signifi- 
cant  to  tlie  success  of  a  small  computer  program  than  technical 
r.iCtorN;   prohibitive  start-up  costs  are  reduced;  the  key  roles 
in  ivrir.ging  computer  support   to  most  counties  and  school  sys- 
tcMijs  must  ho  taken  by  memliers  of  the  governing  hoards  a)ui  a 
few  t  gp  0  iTi  c  i  a  Is  . 


VM  1 1  lam  Le^^ast or 
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Accord  I  nj;   to  .'i  i'W'l   ^;urvi:y  rmuliu' ( ^^1  oi;  cnjiipulcrs   in  cmIii- 
v'itioi).    {  iu'  ^'.rc^ilcst   ij.sc    i      for   .u!/:!  i  n  i  s  t  /\i  t  i  vr  !Mrr[>()srs,    fo  )  k)w 
C(!  Ly  c!as:.rijO!n  i  u  s  t  imu*  t  i  >>im  1  v:  i  t  h  i."  onil:  i  di.  h1    i  ns  i  met  i  oiia  i 

•ii)d  .ivliin  n  i     )'a  r  i  V-  [\[^v  at   thn  boltoiu.     Tl.c  survey  also  sliowed 
that   k'umiaitrrs   toiul  to  coac^  c;  i  ra  1  o   i  ii   lai'i^or  school  districts. 
Almosl   i;a  1  f  ihc  total   i]uinl)CM   of  co;n|)Uter>  used  I^)   scl^ools  iwc 
concr'ii  I  r-atciS   in  about    17  por  ciMit  of  tlic  school  districts.  The 
liU'st   coinhion  mctl.ods  used  to  via'w.  aeccsr.   U>  eomputors  arc  rent- 
111};  aiu!  1  i  iiic  -  sh.a  r  i  n^; ,  witii  ahuut.  U4   per  cent   leasing  or  rent- 
lAil  and  a  small  iiinority  suhscr ;  b  ing'  to  time  shariiig  plans. 

T!ic   aut!a)T^s  of  t  li  i  s  article  <lis>cuss  case  histories   to  show 
a  vai'iety  of  ways   i]^  \s1uc!)  a  school  can  pay  for  coinput:cr  cajia- 
l^ilit)   and  wass   in  which  a  compute]"  can  h',^  used* 

lI'Hv  ti'  st;irt   a  eoinputcM'  cooperative   is    illustrated   in  thc^ 
di'\'rh^prinnt   of  the  ccnnputor  coj^ter  for  tiiu   I     e  rmed  i  a  t  e  School 
instriv't    if)!),    locat.ed   m  Ivcy^'li,  Ka  s  h  i  ii>>  t  f)n  .     The  center  vn- 
vides    .u;~)port   service   to   Id    ieeal    school   disiricts  spread  a- 
eross  Siiolioiii  i  s  h  and   Islainl  i;our':ies   on  Pujiet  Sound. 

!  Uj];enlary  Scho(^]    Disli'iel    IM  .    Mossmoor,    Itlii^oi:;,  u^-ed 
t  lie  C(n:nuter   to  project  em  o  1  1  non  t   ^  M  .in^v^-   in   their  scliool    fl  i  s - 

■  rtct  .     The  authors  ili;^cuss   ilu:  [^laniiiM;'    inv(»lved  and  the  j^e- 

■  ulLs  o!    thuir  surx'iy/.     The   lechiMvpie-  M:n^lo;*et;   in  conduct  ijii^ 
thv'     urvvy  v.ould  he  .i  p;  i'ojm' i  a  t  e    foi^  naiy.    schiool  diistricls. 


Saa  lva;ao!i  i  [  i  i;h  Sc  ;ioo  i  i  n 
er.;,iputr'r  (^'hicat  ioi^  coor'sc  i')V 
t       d^^  vo  ]  opiiUM:  I   atul  0!K'rat  ion 


I'an  V  i  1  1  e  ,  Cixl  \  forn  ia  ,  ;  l  artcd 
!;(vJ'r^\  The  author  discusses 
0  i*  t  he   ;'ac  i  1  i  t  y  . 


fi:   nj:dnir>%   Coniicc  t  ietit,  ,    t]ie  scln)v-l   district  and   th(^  ci.ty 
I oijMrfT   combined  rc  sources  to  streaiiT  ine  their  ot^ei'ations 
■V  i  :  h  a   caapater,   an   item  h];icli  neither  could  aTford  alone.  The 

o  [*  the  coiiw^n^y  0[^e7'atlor,  is  evenly  lividod  hetuTcn  the 
u  i r  i  e  t  a!;d  tl^e  city^  although  schor)l  j  pp  1  i  ca  t  i  ojis  fake  up 
al-oiit    '^'^  p   i'  e  .  at   of   the  eomput(M'  t  ;mo. 


hi!!    hc^r'as  t  er 
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V         yJ  1  it.y  and  the  Small  Compuior 
natamation  Vol ,  17,  HnT^h,  Movcmbor  Tj,  1071 

n^ho  1070*J5  will  he  a  docado  of  <jrov;th  in  cornputor  accossi})ility • 
'i'o  h.>  offocttvo,  access  must  bo  available  at  normal  work  stations  and 
ol  f  This  will  improvo  officloncy  and  permit  true  man-machino 

in  ten- face  to  {lovolc)r'.    Thci  demand  for  accoss  will  account  for  growth  of 
both  small  computer.-;  and  terminals.    This  will  bo  the  decade  of  the  user. 

fxirqe  time-share  systems  have  siynificant  advantagoB  over  small 
cum[jutcrs  in  terms  of  large  data  banks ,  computing  capacity,  and  variety 
of  fjoripheral  equif)ment.    Costs  and  waiting  time  for  users  continue  to  be 
roducod.     Frof;  standing  small  computers,  on  the  other  hand,  have  advan- 
tages in  rapid  access  time,  avoidance  of  red  tape,  and  orotoction  for  con- 
fidential data  files.    There  is  prestige  in  owning  a  computer  and  being 
able  to  work  with  hands-on.     In  full  time  use  costs  can  bo  loss  than 
time-share  systems,  particularly  in  locations  whore  there  are  high  com- 
munication costs,     In  mobile  applications,  small  computers  have  no  com- 
petition , 

Tho  advantages  of  both  types  can  be  obtained  by  using  a  mini-compu- 
t.or  as  a  tonnlnal  to  a  large  computer. 

r;rowt}i  in  shipments  of  computer  system  hardware    will  triple  from 
1970-1980,     Small  and  mini-computer  units  will  comprise  about  10%  of 
sales  throughout  the  decade.     Although  the  decade  started  with  about  100 
producers  of  small  and  mini-comj;uters,  mergers  will  reduce  this  niun}:)er  to 
loss  than  50  in  the  U.S.  by  1975.     The  nujrj^er  of  unit  shipments  of  U.S. 
small  computers  will  increase  aJjout  7  times  during  this  decade,  but  the 
dollar  amount  will  only  triple,     This  is  duo  to  declining  prices  and  a 
ohift  in  emphasis  to  smaller  units.     Small  and  mini-computers  will  ex- 
perience good  grov;th  abroad,  but  U.S.  fims  will  encounter  stiff  compe- 
tition from  foreign  manufacturers.     Scientific  and  engineering  uses  have 
dominated  tho  computer  scene  in  the  past,  but  tJiere  will  be  a  shift  by 
1980  so  that  tho  data  handling  market  will  account  for  over  half  of  all 
appl ications . 

Robert  Christensen 
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^>cJ_Jt^3ll *j-i>  'Jlij  i.kirij  AimUii.      1 1        a  j/]ji!i£?u Lor 

\\\  ycar  i".  v.  >  .  -  >^V*^  f^xi  HM;.t  Liiat  many  c'dueational  inr,tit\itioiis  will 

ho  in  tii»>  nrvH'ovi-;  of  a  -uni^iiv)  a  cc^nnutrr.     A  major  decision  thai  will  bo 
noc'<ied  t(j  }jo  luado  is  vliotlior  the  pro}po'>o.(]  syiitcm  will  bo  for  both  adminis- 
traMvo  am]  iru^ t  rucMi >na  I  u^50  or  for  just  one  n\'  these. 

Thci  conuMitor  accruisltion  procoi-iH  bo'jins  with  a  needs  aH?>o53smonL •  For 
manv  school;;  it  may  end  herel     There  is  a  good  chance  that  switchinq  to 
uslnq  a  computor  will  cost  much  rnoro  than  is  now  sr^ont  without  a  computor. 
[■:ach  pcjtuntial  use  of  the  computer  should  bo  Gxaninod  and  this  xxna  pro- 
■iectod  for  up  to  five  or  more  years  into  the  future.    The  needs  assessment 
should  bo  carried  out  by  knowledgeable  staff  who  arc  giving  time  to  in- 
teract froelv  with  potential  users  of  the  computer  system.  It  is  some- 
times/often desirable  to  hire  an  outside  consultant  in  the  needs  assessment* 

nho  next  step  is  to  specify  what  the  computer  should  bo  able  to  do, 
choice  of  proper  languages,  nurnl^er  and  types  of  i)eripheral  devices  to  bo 
used,  ty[)o  of  process  (batch  or  time  sharing)  ,  and  other  decisions  mu^^t  be 
made  to  provide  information  to  cromputcr  vendors  so  they  can  make  accurate 
bids  on  the  necessary  facilities,     'lliese  decisions  should  be  general  en- 
ough so  that  one's  specification  guarantees  as  much  competition  between 
vendors  as  possible,  in  order  to  keep  costs  dov;n. 

Airing  with  the  bid  a  vendor  sh';)uld  provide  detailed  tedmical  infonaa- 
tion,   including  manuals  on  the  facility  being  offered,     lie  should  generally 
provide  access  to  a  simll/ir  system  so  that  one  could  visit  and  use  the 
system  offered.     In  docilinq  wiUi  a  vendor  one  may  need  to  reassess  one*s 
needs  and  specifications  so  as  not  to  purchase  extra  features  that  are  not 
worth  the  additional  cost. 

foriiafvS  thci  Single  mooL  imijortant  idea  is   that   the  computor  acquisi- 
tion cyrlo  should  ho  \\n(\^:-r  your  control.     Vou   (not  your  "friendly"  compu- 
ter salesman)   should  direct  a  careful  net^Is  assessment.     'V\\e  needs  sliould 
bo  translated  into  a  general  statement  of  computer  facilities  needs.  The 
fom;)uter  vendors  should  propose  solutions  to  these  facilities  needs.  You 
-■•jould  determine  t]^o  l^est   (for  your  puiposos)   of  these  proTOsed  solutions. 
Th-j  final  purchase  contract  should  be  designed  to  protect 'you  as  well  as 
th  •  ?  c ' '  i  np  u  t:  e  r  v  o  n  ■  lor. 

James  K.  Muck 
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Keimy,  .LB,   f)  U.R.  Kent- 

School  ManagcmcnY,  (October  1970)  pnl8  + 


A  coTiuiioii  P)  i  sconcept  ion  hehi  In'  educators  is  that   in  elec- 
tronic data  processing',  owe  sho\ild  '\^rt  the  hardware''  firsts 
tluMi   identify  inronnation  needs  and  shingly  automate  exist  in): 
records,     A  licit  im'  procedure  to  i^^'pare  for  1:1)1^  is  sujijje^  ^ 
he  I  ow   in  this  ar  t  i  c  I  e  , 

The  superintendent  should  suj^j^ort  a  study  of  the  infor- 
mation needs  of  the  system.     His  Iiclp   is  essential  since  he 
will   he  the  person  who  decides  on  the  ]n'iority  for  items  to  he 
:i  Utopia  ted  » 

The  principal   then  identifies   information  needs  within  t^'o 
school.     histinj^s  should  be  ol)tained  fi^oiii  the  professional  stnff 
and  the  clerical  staff.     Me  should  coi^relate  tliose  with  his  da- 
tn   to  provide  definite  classi  f  icat  ioris  of  inforniat  i  otu  Tins 
will  also  help  him  to  identify  different  classes  of  users. 

A  lUM'son  or  nana j^emeiu  consultant   firm  should  be  retained 
by  the  su[KMM  n  t  eiulen  t  to  perform  a  systems  analysis  of  the 
data  needs  of  the  scIk)o1   system.     This  proup  should  worh  close- 
ly witl\   the  jirincipal,  cheif  guidance  person  and  staff.     In  this 
wa)',   staff  will    feel    they  had  a  voice   )]i  the  jilanning  aiul  both 
the  systcpis  analysis  i;roui:>  and  staff  can   identify  data   that  are 
critical    to  the  work  of  the  staff.     A  school  system  of  15,000 
children  can  expect   to  pay  between  $6,000  and  $30,000  for  a 
feasil>le  study,   de[KMuiing  upon  the  dc]n*h  of  the  study. 

On^c  the  data  needs  luive  been  identified,   the  su]u:]' i  n  t  en - 
di'nt   shkOuld  bring  in  a  third  gi'ou]^  of  unbiased  peoj^le  from  a 
local   college  or  university  to  attend  meetings  of  the  central 
orrice  staff,   the  systems  analysis  group,   ke)'  personnel  fron\ 
tl'ic  se[\arate  schools  and  hard\vvare  manufacturers. 

i*)c)sed  on  the  study  by  tho  systems  analysis  groun,  certain 
hardware  configurations  will   be  recommended  for  lease  or  pur- 
chase.    The  authors   recopimend  only  small  or  medium  size  com- 
puters since  the  amount  of  data  will  continually  increase. 
Oixsc  the  general  si::e  of  the  computer  has  been  determined^  tb.e 
third  party  should  be  called   in  to  help.     Hardware  manufactur- 
ers may  tr\'  to  oversell    the  ju^^eds  of  ti\e  scliool   system  and  the 
iiclp  of  this  gi'ou]^  can  be  ver)'  valual)le. 

After  re([uests  have  l)een  let  to  tlie  luardware  dealer,  a 
competent  director  or  supervisor  should  be  retained.     He  should 
|-.e  on   t!\e  joh  (">  moiUhs  prior  to  delivery  to  get  things  organ- 
ised and  to  "dry  run"  tlie  system  ]*>rior  to  installation  of  the 
macliiiiery.     As  soon  as  the  system  becomes  operational,   lines  of 
commuji  i  ca  t  i  on  betu'eei]  the  vv'irious  us'ei'  grouj^s  and  the  data  cen- 
ter must  I>e  developed. 

O  Bill  Le!Iaster 
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.'/i'  Urivf,*  Mo  c.\;!!i|  utf ' r 
t:i)rnmijni  ty  aiul  Junlor^.«l  li>^)0  Joiun-il,  V<'i.  ^13,  uo.  'J  ,(vf uno/Ju ly  1073) 
radios  IH-IO 

V/li(;n  a  cjoUomo  boqiny  a  data  procu^;^> iruj  nro^rans  it.  has  l)Gon  tradi- 
tioiv^I  to  loa^ie  a  rin^tll  compjutcr,    ilion  (:o  hcqin  almofil,  iiT^inndiatciy  to 
order   i  larc/or,   fas  lor  r  more  floxihlo  comjjutur,  and  tinaily  to  hiro  a 
data  f)rocassing  staff  which  v.ould  proccod  to  rj?'->nvont  the  whocl  by  de- 
veloping thoir  own  data  procoysing  software  syst(^ms  from  scratch. 

Choouinj  to  follow  a  non-traditional  method,  Johnson  County  Community 
Colle'iO/  located  in  the  Greator  Kansas  City  area,   today  leases  enough 
hanlwaro  to  cany  out  the  instructional   function  for  over  3,000  credit 
studont.:;  and  over  2,000  community  adults  enrolled  in  continuing  educa- 
<  ion.     At  tlu^  present  time,   the  college  leases  the  software  and  con^pu- 
tor  time  usiiKj  a  sliding  scale  with  the  cost  per  student  decreasing 
as  enrol  InerU-  increases.     The  total  cost,  is  slightly  more  tiian  $20,000 
annua] ly, 

'Iho  col  logo  also  leases  an  cjniine   Italephono)   student  personnel  ad- 
ministrative software  package  and  computer  service.     The  package  permits 
data  to  ho  entered  directly  into  the  computer  from  a  keyboard  attached  to 
a  Cathode  r<ay  Tube.     Afti^T  the  inout  data  is  placed  on  the  CRT  screen  it 
takes  only  throe  to  five  r.econds  from  the  mom(-rit  tho  send  button  is  de- 
pressed until  all  the  data  from  th^-  screen  an-  transmitted  to  tho  compu- 
ter and  tlie  filoj  are  updated.     If  data  are  incorrectly  transmitted,  an 
error  mossaqo  will  appear  on  the  CRT  screen  and  the  computer  will  refuse 
to  accept  the  data. 

Student  l>rogranmors  operate  tolotyp^.'s  and  the  CRT's  to  communicate? 
directly  with  <\  comrjute^'.     They  m  ly  also  uio     punclied  cards  or  ])aper  tape 
to  coinpile  t:hoir  progra:us  on  a  varic^l.y  of  computers.     'nhu  tenainals  at 
.^>hnsc•n  County  Comm.unity  Co]  leu^-  ar^?  r  ipahltj  of  cf)mmuni  eating  with  IBM 
Control  Data,  IilJTVAC,  or  c.i-:.     iir^novwo  i  ]  compnters.     Tho  access  to  a  var- 
iety of  ^arqe  comt)uters  makes  i!   possibb-  to  teach  almost  any  major  pro- 
nra;njning  Janguacjo.     in  aclitlon,   tiio  students  are  not  limited  l>y  computer 
si^-e  in  the  size  ,ind  complexity  of  tiic  programs  they  write. 

Ves,   they  hnvo  no  computer.     Yet  tiLey  have  all  the  benefit.s  of  th(> 
very  Ikjsi    in  cnriputor  technolcKp/  at  a  fraction  of  the  cost.     A  non-tradi- 
tional approach  to  data  processing  for  the  Johnson  County  Community 
^.'ollcgT"  has  yieb'LKl  high  performince  at  a  minimum  cost. 

i<on  Koliler 
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IM'ovos  I  ,  Raymond  J  . 

(ioinj.',  CoMipiitor  is  l;asior  aiul  (Cheaper  Jhan  You^Tliink 
^cnooVTruKuionienf  ^  Vol7^Xn7  'Nb7  IT'T^Jc t ofv5FT9 7 2 )  ,  pp. 

vSniall  to  moii  iuin-sizoU  school  dist  rU'ts  wit  h  liiintcd  bvul  - 
aro  often  l\ositaj\t  about  convert  inp  to  computer  use.  ?rc- 
scott  \\\gh  School   i)]  Ari^^ona,   in  such  a  situation,  eliniinatod 
at     IS,  000  data  processin^^  system  and  r^^p  laced  it  with  a  ter- 
minal  tied  into  a  DI;C-10  time  sharing  systom  at  nearby  Yavapai 
(lommun  i  t  y  Co  I  1  e^e  , 

YtUl  loaned  Proscott  a  terminal    (or  several  montlis  after 
demons  t  ra  t  i  ni;  its  use   in  inatb  and  science  classes.     Thus  en- 
coura  j'ed  ,  s  t  uden  t  s  ,   facu  1 1  y  ,  and  a  dm  i  n  i  st  ra  t  i  on  took  ad  van  t  aji^e 
of  Y(!(Vs  survey  course   in  data  process ing,     YCC^s  niethod  was 
elTective  as  Prescott  leased  a  terminal  lielping  defray  com- 
puter costs  at  Yavapai. 

Prescott  ha s  solved  the  a dm i  n  i  s tra t  i  ve -educa  t  i ona 1  use 
conflict  by  j^iving  priorit)'  to   inst  I'uct  ional   use  during  the 
day  and  doing  adm  i  n  i  s  t  I'at  i  vc  work  in  the  evening.     This  sche- 
dule lias  allowed  them  to  keep  their  total  budget  under  $1  5  ,000. 

Administrative  advantages  of  ti^e  iM:(!-10  system  and  im- 
[)rovoments  over  the  previous  data  processing  system  have  come 
about   through  the  assumption  of  all   data  ))rocessing  operations 
by  YCC.     This  has   led  to  greater  convenience   in  sclieduling, 
registration,   grade  reporting,  and  so  forth*     At  the  time  this 
article  was  written,  another  terminal  was  in  the  planning  stage, 

Tlii  s  article  would  l)e  most  beneficial   to  hlgli  schools  with 
a  coinfuiter  i  ns  t  aj  1  a  (  i  o^l  within  a  sl^ort  distance.     It  appears 
tliat  man)'  of  the  advantages  l^rescott  has  realised  would  vary 
inversely  with  tiie  distance  of  tlie     terminal   from  the  computer, 
Nevertlieless ,  with  the  given  conditions,  one  high  school  lias 
found  a  relatively   inexpensive  way  to  computer  facilities. 


St  ewa7' t  Ke  i me  r 


ERLC 


VI 1 l.W  .  10 


.Svitherland^   Ivan  i:. 

:>ciontific  AiTif;,ricaa,  Janviary  1  )7  i 
Faqof:  5  3-60 

Die  fiohl  oi  cora[>utr>r  scionco  h-u;  vuiny  intoro'Mn\q  and  ifa[)ortant 
iUibt'ioUU).     One  of  tho.so  is  c(Mnputcr  grai^hics-^tho  i.ntnractivo  use  of  TV- 
iikt!  (.ruinputer-  output  devices,    Suthorland'H  article  providos  an  oxcol]f>nt 
ovarviow  of  thu  field  of  computer  graptucS/   mcludincj  some  of  the  raa-jor 
problems  and  a  histroical  perspective  on  progress,    Tiio  level  of  [)rosGnta- 
tlon  is  suitable  for  the  intelligent  layman. 

There  are  two  broad  classes  of  con^puter-display  system?;  now  in  com- 
mon uiio:     calligraphic  displays  and  raf^ter  dif^plays,     Raster  displays  make 
pictureij  in  tiie  same  way  that  television  sets  do,  by  painting  the  imaqe  in 
a  fixed  sequence  from  loft  to  right  and  from  top  to  bottom.  Calligraphic 
cUspIays  "paint"  the  parts  of  a  picture  on  tlie  cathode  ray  tube  in  any 
^iequonco  given  by  the  computer.     The  calligraphic  display  has  the  advant- 
age that  infonaation  to  be  displayed  can  be  stored  in  computer  memory  in 
any  order.     In  the  raster  display  information  must  first  be  sorted  from 
top  to  bottom  and  from  left  to  right  so  that  it  can  bo  put  on  the  screen 
in  tlie  correct  ^^oquence.     One  advantage  of  the  raster  display  is  that  it 
require:!  less  equipment  and  therefore  is  less  expensive. 

IVo  groups  o!  users  have  i>oen  particularly  interested  in  computer 
dispalys.     One  group  has  a  pic^oral  problem  in  the  workaday  world  for 
which  it  would  like  computer  help.     They  may  want  to  shape  a  metal  part  on 
a  computer-controlled  machine  tool,   for  in^;^:anco  here  one  would  descrilm 
the  part  to  a  qoneral-pur})ose  computer,  wlucli  draws  a  picture  of  the  part 
and  verifies  that  the  description  i:;  accurate.     The  ^second  group  of  unors 
is  interested  in  gaining  insight  into  complex  natural  or  mathematical 
phenomena.     For  example,  a  physicist  may  program  a  computer  to  illustrate 
Jiow  olementan/  particles  interact  with  their  own  electric  fields,  to  give 
his  students  sornr*  feeling  for  qunntum-mcchanical  behavior. 

Tho  author  of  this  article  hay  been  involvod  in  the  development  of 
high-speed  displays  that  present  an  oJ^servcr  witli  a  simulated  three-dimen- 
sional environment.     IVo  miniature  cathode  ray  tubes  are  mounted  on  the 
\isor'3  head,  one  tube  in  front  of  each  eye,  so  that  the  computer  can  con- 
trol exactly  what  he  sees.     The  position  of  the  user's  head  is  monitered 
and  the  computer  gives  a  porspectivo  picture  appropriate  to  that  viewing 
position^    As  the  user  turns  his  head  the  perspective  picture  changes 
just  as  if  the  ohiect  portrayed  was  in  the  room. 

!<on  Boys 
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'i'rocchi  ,  Robert  r. 

.Sf'liool  Meinac/omont:/  Vol.   IG,  Octobor  YO^A 

At  Jiomo  f)oiiU  in  tJio  near  future  mnny,   if  not  all,  school  adminis- 
li'ia:ions  will  l)o  ijwolvod  diroctly  or  incliroctly  witli  the  SGloction  of  com-- 
putor  L-acilities  for  their  school.s.     i:von  if  professional  consultants  are 
involved,  there  are  several  questions  one  must  consider. 

1.  What  do  you  want  the  computer  do  do  now  and  in  the  future? 
Computer  services  should  bo  acquired  on  the  basis  of  the 
school ' s  needs . 

2,  v/hat  tasks  can  it  do  for  administrators  now  and  in  the  future? 
There  are  many  uses  of  computers  besides  payroll,  schodulinq, 
student  records,  testincf,  cjrade  reporting,  inventories,  budgetfa, 
and  accounting. 

K    Will  the  computer  be  used  as  an  aid  to  instruction?  Tnst- 
runtional  use  of  computers  is  a  rapidly  9 rowing  field.  Do 
you  want  a  system  which  can  bo  used  for  computer  assisted 
iiiCitruction,  problem  solving  or  simulation?    Such  uses  re- 
(luire  a  time-shared,   interactive  system,  whereas  adminis- 
trative uses  do  not. 

4.  How  much  use  will  bo  made  of  the  System?    'flie  type  and  amount 
of  use  will  influence  blio  size  of  the  system    you  need. 

5.  Is  a  given  machine's  software  (the  programs  and  languages  which 
make  the  system  work)  what  you  need?    Different  uses  require 
typos  of  software. 

G,     Will  the  system  grow  with  you  without  unreasonaihle  costs? 
A  computer  bought  solely  for  administrative  uses  may  be 
totally  useless  for  instructional  uses.     The  reverse  is  also 
true . 

7.     Are  th^i  benefits  you  will  receive  worth  the  costs? 

['oep  in  mind  the  computer's  range  in  cost,   from  under 
;V>000.00  to  over  $1,000,000.00.     An  inexpensive  system  may 
save  you  money  now  but  cost  you  more  in  the  long  run.  How- 
ever, there  is  little  value  in  buying  more  power  than  you 
can  use  within  the  next  few  years. 

Although  this  list  of  questions  is  far  from  exhaustive,  it  does 
point  up  several  ideas  one  must  be  alerted  to  in  the  selection  of  computer 
faci lities . 

David  Dempster 
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."-I  i  (h  M  ,    Pc/h'l  i  s    .1 , 

Insui.'KU'o  Viw  Y<uir  1  DP 

r  I'P   [    h/c  1  r'cMii  c  ;hi  t  n  prices   i  iij'j    i  n":  ura  dcv  p  my  ]  d  c  s  c  over  - 
liM"     iicli  U!.i(;iU'  fnccMs  of  aii  t  t)iiia  I  lul  data  nroccssuijr  ^-i  s  rhc 
loss  ^M'  co!:)pnt(^r  rM'M|T  j-^jds  accural  1  a  I trajvsaction  data,  and 

Ihv  coiisf-qiiciiccs  of  an   infcrrup^ion   in  ivrocc^s  s  i  n;^  .     If  \'ou  do 
not   ]ii\vv  such  covoraj^^o,    it   should  he  considered/ 

Voor  yciieral    insurajico  policies  sl-mild  he  coordinated  u'ith 
ihe  I  Dl^  policy.      rhe  1;1)P  [policy  sfiould   (ak  uj^  whore  the  general 
jiolic')'  leaves  ofl'  so  that   tfiero   is  no  o\'erLai)  in  coverage.  Fire 
and  extended  policies  ordiiiai'ily  insure  against  losses  arising 
Croni  fires,   li^:.htning,  vandal  i  sin  and  so  fortii. 

T!jc   first   step  i  r.  plannin;.^,  for  iiPh  covoraj^c   is  to  nronare 
a  coinplote  list  of  all  liar.ards.     Next,   lUace  a  dollar  value  on 
the  estimated  pro!)ahle  losses  ai-islnt;  froni  these  hazards.  IVhen 
this  !kis  l)cen  done,  sit  down  with  )'our   insurance  ren  resent  a  t  i  ve 
arul  CiinijKire  the   list  with  existing;  covcraj^e   in  your  present  in- 
surance policies.     Deficiencies   in  covciagc^  will    thm  become 
apparent.     All  deficiencies  cannot  he  covered,  hut  you  can  cov- 
er nos. t  of  them. 

lo  recc^ivc^  the  l>esl  tjos.siI^Ic  cover:ic,e,  t!u  insurance  reiu'r 
scjitativt'  should  have  prik>r  '^vperitMice  i)^  writing  [-DP  jnUicic^s, 
1'-^  shc)uld  ju>t         a  novice   to  ^omputer   i  iv-;  t  a  1  1  a  t  i  ons  . 

Various   i  ii:-.  uranc  e  jn:  i  i i :    cai^  1h,   w)*  i  t  t  ej,  tc)  cover  all 
jhases  of  (nuMMtieo)   J  a  a  farilii;/.      Th'-M    j'la  \'  include  hard\;are 
aiul  s<M'lwa]'r'  cv^Vl"  ra  j:e' ,   ^^ooi'ci^  jj  1 1  iM' i  a  1    ^.ucl:  as  data  storc^d  in 
inaL!,nrtic  discs^    t;xpens:'S    ijicnj")'oJ  duri^i^   rc^storation   of  the 
f)'>e  ra  t  i  r-))   follou'ing  a   los;      c.'!lual>le  ;>ap<^rs  and  recorchs,  and 
acouiits   r-^/ce  i  vab  1  e .      Vou  /;»a>'  also  ol)taia  data  processors  li- 
ahility   lo  covei^  N'our  eifU' 1  o\'ec s  . 

i.iV'*  special   attentioi:  to    intential  acts  such  as  theft, 
which   is  not    s  :uc  i  f  i  c  a  1  !  y  {eutioned  nor  specificaJly  excluded 

thv    1  i)P  pi^Jicy.     Also   to  f.e  C{)usidered   is   liabiTity  to  out- 
sidr  p-irtic:-.  and    i^su]^ance  on  services   rendered  by  outside 
cot:si">u  (el'  s  c  r  \"  I  c  e  . 

\}:\iHni{   of  coverapc  p:     /^aa::('   froti^  actual   cash  vnliio  or 
1''  M I  acei'i- 1. 1    \.aluc   to   ;M^lieios   v.her(.;  \an;  v;  i  1  1   al^sorl^  a  part  of 
t!'^    h-o>,     A   [^:'ss    is  dc- r  e  ri:  I  li  (;d         tolali'U;   t!ie  expenses  of 
data   iMoee-'-inp  after  disaster  occurs  and  deducti'M^   ihe  normal 
cos  :.  .'s'."  [ovr   ;  i  disaster. 

laouidi  }'!^a  vM\y  minimi  'c-  \"oui'    loss   liy  otlier  hack-un  nea- 
sure;.,   you  :nu>i    liave    i;]surancc   coverap'   to  provide   funds  to 
rest<M'e   >'0Ui'  <n*  v;an  i  ::a  t  i  o  ji   lo  noi'nuil   o|-  ratioriS.     When  you  buy 
an   insiirance  ra)licy,   you  are  mainly  buyii);;  peace  of  iniiid. 

Mill  he^Vister 
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ClIAPTliR  IX 
.  COMPUTliRS  IN  vSPJiCIAL  KDIJCATION 
Ray  Dodson     Mary-Beth  I'afard      David  Malouf 

SUCTION  A:  OVERVIEW 

by  Ray  Dodson  and  Mary-Beth  Fafard 


Special  Education  encompasses  those  education  services 
made  available  to  school  aged  handicapped  children.    The  first 
category  is  entitled  developmentally  disabled  which  is  defined 
as  follows: 

•••a  disability  attributable  to  mental  retardation,  cerebral 
palsy,  epilepsy,  or  other  neurological  handicapped  conditions 
of  an  individual  found  to  be  closely  related  to  mental 
retardation  or  to  require  treatment  similar  to  that  required 
by  mentally  retarded  individuals,  and:     1)  the  disability 
originates  before  such  individual  attains  age  13;  2)  and 
has  continued  or  can  be  expected  to  continue  indefinitely; 
3)     and  constitutes  a  substantial  handicap  of  such  indivi- 
dual,    (Developmental  Services  and  Facilities  Act,  Public 
Law  91-517) • 

The  second  category  is  entitled  learning  disabilities •  While 
there  are  minv  differing  definitions  of  learning  disabilities, 
the  current  definition  included  is  a  fairly  representative  sample 
of  those  existing  in  the  field.    Learning  disaoled  children  are 
referred  to  as  exceptional  in  the  following  manner: 

An  exceptional  pupil  is  so  labeled  only  for  that  segment 
of  Iris  school  career  (1)  when  his  deviating  physical  or 
behavioral  characteristics  are  of  such  a  nature  as  to 
manifest  a  significant  learning  asset  or  disability  for 
special  education  purposes;  and  therefore,  (2)  when, 
through  trial  provisions,  it  has  been  determined  that  he 
can  make  greater  all-round  adjustment  and  scholastic  pro- 
gress with  direct  or  indirect  special  education  services 
than  he  could  with  only  a  typical  regular  school  program. 
(Dunn,  1973,  p.  7). 

The  above  definition  implies  that  any  child  who  can  benefit 
from  special  services  even  though  he  isn't  mentally  retarded 
should  be  provided  a  special  education.     Frequently  gifted 
children  and  the  culturally  disadvantaged  fit  the  above  defi- 
nition and  are  included  in  special  education,  however,  they 
have  not  been  included  in  this  chapter. 

The  overview  will  note  current  trends  in  special  educa- 
tion and  their  implications  for  computers,  as  an  educational 
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tool;  and  look  at  unique  administrative  uses  of  computers  in 
special  education.    Secion  IX-B  discusi^os  the  use  of  the 
computer  as  a  diagnostic  and  evaluative  tool  in  special  educa- 
tion.    In  Section  IX-C,  reasons  for  utilizing  computers  as  in- 
structional tools  are  given.    Hxamples  of  current  computer  pro- 
grams are  presented  in  Section  IX-D,    The  final  sections  (IX-E 
and  IX-F)  contain  bibliographic  and  reference  materials. 


Current  Trends 

Current  trends  in  special  education  may  eliminate  the  need 
for  this  unit  in  the  handbook.    If  in  the  future  all  children 
become  treated  as  exceptional  individuals  there  will  be  less 
need  for  a  separate  special  education  program.    An  important 
trend  to  be  considered  is  the  legal  mandate  presently  being 
handed  down  by  the  courts.    The  courts  are  sayinr  that  every 
child  is  entitled  to  an  education  irregardless  of  his  hahdi- 
capped  condition.    States  are  starting  to  respond  by  providing 
such  services.    Oregon  has  responded  in  the  last  year  by  insti- 
tuting project  ^'SCHOOL  FIND'\  a  program  designed  to  identify  all 
children  currently  not  attending  school  or  receiving  an  educa- 
tion (House  Bill  2444,  1973  Oregon  Legislature).     By  the  summer 
of  1974  this  staff  will  report  their  findings  to  the  Board  of 
Education  in  Salem  which  in  turn  will  use  the  results  to  dete^ 
mine  educational  needs  for  these  children  in  the  future. 

Another  trend  is  currently  referred  to  as  *'mai  nstreaming  ' 
which  means  placing  as  many  special  education  students  as  pos- 
sible back  into  regular  classrooms.  Isolation  of  special  stu- 
dents from  regular  classes  has  created  new  problems  in  the 
social  areas  over  and  above  the  handicaps  these  youngsters  al- 
ready possess. 

Mainst reaming  has  been  the  impetus  for  new  educational 
arrangement  in  certain  areas,  or  staffed  with  specialists  who 
are  available  to  help  the  entire  school  population  with  specific 
education  has  led  to  a  new  approach  in  teaching,  which  also  has 
promise  for  regular  classroom.    This  innovation  is  task  anal- 
ysis and  criterion  referenced  evaluation.    This  operates  through 
the  establishment  of  instructional  objectives  broken  into  a 
hierarchy  of  skills  towards  which  the  r,tudent  can  work.  Still 
another  innovation  quite  consistent  with  task  analysis  is 
diagnostic  teaching.     Such  teaching  utilizes  an  on-going  eval- 
uation of  progress,  so  immediate  corrections  can  be  instituted 
in  the  teaching. 

A  final  trend  in  education  and  special  education  is  the 
increasing  utilization  of  paraprof ess ionals  to  not  only  relieve 
teachers  of  many  tasks  not  necessary  to  instruction,  but  also 
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to  provide  indigenous  personnel   in  the  schools  to  facilitate 
uniqueness  and  variety  to  instruction. 

Two  things  should  be  noted  about  the  foregoing  trends. 
First,   if  they  haven't  already  been  adpted  into  the  regular 
classroom,   they  certainly  are  amenable  to  use  in  a  regular 
classrooni.     Secondly,   the  statewide  use  of    a  register  to  l)e 
iiiaintained  to  see  who  is  or  is  not  receiving  educational  ser- 
vices.    Where  some  handica]>ped  children  are  so  scattered  as 
to  almost  .nakc   it  iinpossible  to  deliver  services   in  the  tra- 
ditional sense,   they  could  be  delivered  via  computer.  Also, 
such  a  computer  facility  could  be  maintained  as  part  of  the 
resource  room  concept.   '  Finally,   task  analysis,  criterion 
referenced  evalua t ions^  and  diagnostic  teaching  appear  to  be  in 
an   ideal  position  for  computer  application. 

No  attempt  has  been  made  to  repeat  material  covered  by 
>ther  sections  of  tliis  handbook.     Special  note  should  be  iliad^ 
tliat  the  chapters  on  CMl  ,  CM  and  administrative  uses  of  the 
computer  are  lUst  as  applicable  to  special  education  as  thev  arc 
to  regular  education.     Two  unique  administrative  uses  of  tlic 
computer  in  special  education  should  be  noted.     The  first  dif- 
ference is  a  need  for  a  more  co-ordinated  effort  at  a  state 
level   to  provide  services  to  tlie  handicapped.     Already  mentioned 
was  Oregon's  Project  SCHOOL  FIND  to  locate  tliose  individuals 
needing  services.     Maryland  has   instituted  the  Data  System  for 
the  Handicapped   (DSii)   incorporating  six  Maryland  State  agencies 
to  plan  and  provide  coordinated  and  com]:)rehens  i ve  services  for 
such  efforts  because  the  recipients  of  special  education  ser- 
vices aren't  concentrated  in  small  geographical  areas  as  is  true 
for  regular  education.     A  second  major  difference  is  that  the 
providion  of  services  for  the  handicapped  has  created  waiting 
lists  whicJi  must  be  maintained  and  continually  updated.     The  use 
of  computers  has  greatly  improved  the  use  of  waiting  lists  to 
vl'Ajx  for  future  services. 

SECTION  B 

U::)1NG  THF  COMPUTHR  FOR  UIAGNOSIS  AND  i:VALUATION   IN  SPFCIAL 
LUliCATION 

by  Ray  Uodson 

i'he  logical  sequence  of  events  in  a  special  education 
program  is  as  follows: 

1  .  J)i  agnos  is  of  indi  vidua  1  needs 

2.  Prescription  of  educational  strategies 

3.  Behavorial  objectives  established 

4 .  I nd i V idual i  zed  instruct  ion 

5.  iivaluation  according  to  objectives  established 
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Such  an  odiu' a  t  i  ojki  1   proy,r:nu   is  (ici^irable  for  ail   stiKlents  Init 
is  I'lOst  often  found   in  special   cdiujatinn  classes  at   this  tir.io. 
I'ossibly  coiiiputers  v.  j  1 1  allow  the  expansion  of  such  programs 
Ml  to  new  areas. 

An  essential   ingredient   in  educational  proRrams  is  that 
tfiey  are  built  on  an  adequate  diagnosis  of  iiulividual  needs* 
Computers  can  poteiitially  provide  the  kind  of  diagnosis  needed 
to  optimize  prograr^s  for  handicapped  studejits.     A  ^ood  diag- 
nosis should  he  based  on  an  assessment  that   is  both  valid  and 
reliable.     Valid  means  the  test  measures  that  it  purports  to 
measure,  while,   reliability  is  an  index  of  how  consistent  the 
measure   is.     Comj^uters  can  provide  a  di  aminos  is  that  is  hij^tily 
ruliahle   i.e.,  ^^iven  the  same  information  at  different  tinies, 
it  K;li   always  arrive  at  the  same  conclusion.     However,  this 
leaves  vomething  to  be  desired,   as    it    ijni)lies  a  static  system 
wliere  a  dynamic   systein  mi^ht  be  more  appropriate.     Brooks  and 
Klcinmuntz   (  1974  )   report  an  interactive  systeiii  where  tlie  coin- 
[Hitcr  pro^^ram  asks  questions  tluit   anyone,   such  as  parents  or 
Ceacficrs,   can  answer  after  two  weeks  of  hcini:  around  the  f^erson 
l>cinr.  dia^i;nosed.     The   answers   to  tiicse   yc'^-:\o  <]uestions  :\rc 
processed  r-y  the  computer,  wliich  tlven  jinnts  out  a   list  of  20 
dia^:noscs  witii  eacii  fiavin^^  a  probabilit\'  assigned  tliat   it  js 
correct.      Tfie  dynanic  ;>art  of   t  h  i     proi^rain   is   that    if  at  a 
later  .iatc  tlie  correct  diagnosis   is  knnv;n  for  sure,    it  can 
led  l>ack   into  tiie  computer  and   the  coKi|?uter   is  update^i.  Thi^- 
feedback   increases   the  validity  of  the  assessment,   but  real  la- 
bility as   it   is   traditionally  known  would  be   lessened.  ilowcvei-, 
the  obJr:ctivity  of  such  an  approrich  causes   tlris   to  not  be  a 
sLi^uificant   problem.     Tiio  cost  of  opcratuu:   such  a  proi^ram  is 
sanj^ose^i  to  i^e  cheaner  tluni  payini:!   a  clinician   for  the  sane 
<iiat;nosis,   but  even  more   important    is   the   flexUnlity  allowed 
for    linprovini;  the  validity  of   the  assessment,   not  to  merit  ion 
I  he   Sliced  of  doini^  the  task. 

(Ulier  efforts  arc  already  underway   lor  puttinp   i  nt  cl  1  ifience 
'"sts  on  the  computer.     I-or  example,  a  uiu  1  t  i   1  e  -  cho  i  ce  version 
n\'  tiio  vocabulary  subtest   for  the  WAIS  lias  l)cen  developed.  Such 
\^'St;^  . :  >  this  and  the  one  mentioned   in  the  nrcvious  oiira.uraph 
:  iko  a  uia^vnosis  based  on  fpiestii)ns  anMvcred   in  an  interactive 
svst'jm.     Sacii  a  systc^ii  ^:enerally  pri  eludes   the  use  of  otlicr 

ta.'nostic  tests.     However,   some  programs  currently  in  use 
t  ike   the   rt^sults  of  a  variety  of  diagnostic   instruments  and 
^v.;t   tlKS':  tn>;cther  for  a  i.iuch  more  c<^r.iplete  profile  on  the  child. 
.^>uch  an  approach   is  quite  sound  in  tertViS  of  current  psycholoi',  ic<i  1 
test    tiieorv,   as  tiie  standard  recommeruhu  i  on  to  psychometr  i  c  i  ans 
is  not   to  base  a  diagnostic  decision  on  the   results  of  one 
lest   or  o])se  r  va  t  1  on  .      Ideally  jnanv  different   sets  of  test 
results  should  be  correlated  into  a  decision,   and  t!ie   immen'  cness 
of         r.  as   task  calls   for  a  computer,     further  enhancing  the 
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results  of  such  an  approach   is  tfuit  with  the  propci'  pro^^^ranm  i  nf, 
the  computer  can  print  out  a  completed  psychological   report  based 
on  the  test  data.     This   is  very  simply  done  by  setting  a  variety 
of  conditions  to  be  present  before  a  descriptive  phrase  or 
parai^raph  is  printed  out. 

No  diagnosis  should  lead  to  a  sinji;le  descriptive  phrase 
or  label   for  an   individual  student.     Ratlier,  each  students^ 
record  or  profile  should  show  his  strenp, ths  and  weaknesses  » 
as  this   is  the  essence  of  inv id i vual i zed  instruction.  For 
cxanij)le,  such  a  profile  of  strengths  and  weaknesses  should  not 
indicate  low  in  math  and  high  in  reading;   instead,  the  skills 
involved   in  math  could  ])e  arianged  in  sequential  order  accord- 
in-.',  to  tlieir  difficulty.     Once  the  hierarchial  order  is  deter- 
iiiined  subtests  could  be  devised  on  specific  subjects  and  placed 
in  a  computer  program.     Upon  completion  of  the  subtests,  a  profile 
would  be  available  for  each  individual  student  which  would  be 
capable  of  showing  the  presence  or  absence  of  such  minute  skills 
as  proper  use  of  the  decimal  points.     (Pat  Suppes  drill  and 
[M'actice  in  arithmetic  grades  1-6  is  an  example  of  this,)  Such 
a  capability  would  not  only  serve  a  diagnostic  capacity,  but  on 
ongoing  evaluation  capacity  as  well. 

Due  to  the  storage  and  retrieval  ability  of  a  computer,  it 
is  now  feasible  to  retrieve  selected  bits  of  information  when 
needed.     For  example,   the  computer  can  be  programmed  to  respond 
to  "[low  many  students  haven^t  reached  a  specified  criterion  on 
a  given  subtest?''     Such  information  is  highly  desirable  as  it 
can  be  used  for  grouping  tho  students  to  get  the  optimum  use  of 
instruction.     vSuch  grouping  provides  the  student  an  opportunity 
to  practive  liis  social  s}:ills  in  a  group.     Individualized  in- 
struction,   if  carried  too  far,  does  not  provide  adequate  oppor- 
tunity for  the  use  of  social   skills.     Tl\e  diagnosed  needs  of 
various  students,  when  put  together  by  a  computer,   serve  more 
functions  than  just  determining  ability  grouping  of  special  or 
rci^Ailt'ir  classes.     For  example,  such  a  composite  of  diagnosed 
riccds  could  be  used  for  a  class  ev\'iluat  ion ,  or  as  a  way  to 
determine  the  need  for  in-service  training  of  the  staff,  etc. 

(^ourt  rulin;.»,s  nationwide  have  emphasized  the  rights  of  the 
handicapped  to  an  education^  A         _  clW/— /  has  been  due 
to  an  inability  to  adequately  assess  the  needs  of  tlie  special 
student.     As  mentioned  earlier,  special   education  student  are 
hetero^.;encous ,  but  yet  they  also  have  some  things  in  common. 
The  prv„  ulen   is  there  are  many  different  variables  to  be  con- 
sidered when  planning  educational  programs  for  the  handicapped 
learner.     Dealing  with  so  many  variables  using  traditional 
planning  techniques   is  expensive,  so  this  creates  a  dilemma  l)c- 
cause  of  the  cry  for  accoun t ib i  1  i ty  when  public  funds  are  spent. 
A  way  out  of  this  dilemma  might  be  through  computer  based  diag- 
nosis, evaluation,  and  prescription  of  programs.     However,  in 
order  to  make  it  more  economically  feasible,  all  student  in  a 
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district  should  have  such  educational   planninp.  used  with  them, 
Daly  then  can  it  be  said  that  everyone  has  an  equal  opportuiuty 
to  education. 

Special  educators  are  ratlier  uniciue  in  tluat  due  to  thv  lack 
ot  cducatioiial  programs  for  the  handicapped  in  regular  scl^ool 
systems,   they  nmst  seek  employment   in  institutions  where  many 
hajidicapped  youngsters  currently  reside.     By  virtue  of  the  total 
care  provided  in  an  institution  special  educators  are  required 
to  work  with  their  wards   in  more  than  an  educational  setting. 
That  is,  they  must  be  aware  of  the  health  and  related  needs  of 
their  students  as  well.     The  enormity  of  this  responsibility 
becomes  more  obvious  when  you  realize  that  mentally  retarded 
youngsters  have  a  sliorter  life  span  than  does  the  general  pop- 
ulation.    Computers  hive  been  especially  helpful   in  an  insti- 
tutional setting  whore  the  admissions  staff  could  feed   in  such 
information  as   IQ,   age,  diagnosis  and  handicap  and  have  the 
computer  hel])  make  decisions  about  tlie  future  placement  of  the 
child. 

In  summarizing  this   section,    it   is  important  to  note  that 
the  computer  provides  a    feasible  way  of  improving  education 
available  to  everyone,   mu:  lading   the  hand  i  capi^ed .     Also,  in 
every  phase  of  education   (i.e.,  diagnostics,  prescription 
writ  ing ,  establ ishing  behav: oral   objectives  ,   individual i  zi  ng 
education  and  evaluating  i)rcgress)  computers  can  have  a  part 
to  play.      ff  indeed  education  for  the  fiandicapped  is  moving 
towards  "ma  ins  tream  i  ng"  ,   so  that  disabled   learners  don't  nee<i 
to  leave  the  regular  classroom  for  their   instruction,    it  will 
ju^t  tiicre  c(uicker  and  do  a  more  thorough  job  by  using  the  com- 
puter when  appropriate.     Computers  also  liave  tlie  potential  of 
allowing  regular  students  to  i)e  treated  as  "special"  students. 

Some  S[)acc  should  be  devoted   to  problems  encountered  when 
using  computers  or  introducing  tliem  into  a  sj^ecial  education 
program.     f-irst  of  all    is  the  cost  justifiable  for  a  small  pop- 
ulation?    However,    if  the  diagiostic  and  evaluation  facilities 
are  also  made  available  to  the  average  students,  cost  per  stu- 
dent should  represent  much  less  of  a  problem.     As  mentioned 
earlier,    it   is   feasible  to  do  diagnostic  evaluations  cheaper 
with  computers   than  hiring  additional  clinicians.     Another  pro- 
blem is  thixt   some  diagnostic  programs  are  interactive  with  the 
Client  of  the  services;   sever  :?ly  retarded  individuals  might  not 
be  aiUe  to   interact  with  the  coni]mter  without  very  close  super- 
vision.    Anottier  problem  is  that  computer  based  diagnostic  sys- 
tems would   likely  still  need  a  clinician  to  explain  the  results 
to  some  teachers  or  parents.     However,   fewer  clinicians  would 
be  needed  than  are  now  traditionally  used  in  support  of  special 
education  services.     Finally,   it   is  said  that  diagnostic  ser- 
Vices    should  be  conducted  by  someone  wlio   is  able  to  provide 
judgement  on  a  variety  of  variables  to  arrive  at  a  conclusion. 
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hut  :is   it    is  typically  done,   the  clinician  usually  bases  his 
decision  on  the  probability  of  certain  events  hap.penint:  or 
conditions  l^cin^  present,   and  this  could  be  done  more  object  iveiy 
by  a  computer.     Thus,   the  problems  posed  for  the  use  of  the 
coiaputers  as  a  diaKnostic  tool  do  not  anpcar  to  be  msurmount 
aiae. 

ShCTlON  C 

cOMIHIThRS  AS  A\   I  NSTRlfCT  i  ^^^^A  b  T(H)L   IS  SPhCIAb  iiDUCATiON 

by  Mary-Ueth  Fafard  and  David  Malouf 


I'icfore  a  teacher  decides  to  utilize   a  new  method  of  instruc- 
tion,  a  nev;  mechanical  device,  or  introduce  new  personnel  into 
the  classroom,   the  basic  questior^s  to  ask  are  why  should  this 
i>o  used  and  what  effect  will   it  have  on  the  learning  of  children, 
Althou};h  these  questions  seem  ratlier  obvious,   in  tlic  education 
^Aorld   they  are  seldom  asked.     [education   is  noted   for  trying:  a 
variety  of  new  "gimmicks"   in  a  panacea   fashion  and  only  later 
asking   its   fundamental  worth  an(i  effect  on  the  learninn,  of 
children. 

When  special  education  teachers  arc  considering  utilizing  tae 
computer  with  exceptional  cliildrcn,   thcs'  must  first  ask:  WHY? 

The  educational   characteristics  of  (\\ceptional  children 
suv:v',csl   several  advaiUapes   Tor  utiliziny:  the  computer  in  pre- 
sentmti  and  planning]   instruction,     hike  programmed  instruction 
w-jich  iias   bccvi  successful  Iv  used   in  Sf>C'cial  education,  an  iiistruc- 
iional   system  using  computers  provides  a  learning  environment 
which  accomodates  an  excentional   child'*    needs   in  the  following 
areas:     (1)   active  learning  with  Iiigh  student  response  rate, 
(2)    immediate  feed-back  and  reinforcement,    (3)  maintenance  cf 
retention,    (A)    inviividual  pacing  of  instruction,   and   (5)  infin- 
ite p.aicnce  witli  sufficient  repetition  to   insure  learning.  In 
auaition  to  the  advantages  of  traditional  progra^iimed  instruction, 
coi'ijmter  assisted  instruction  in  special  education  offers  the 
possibilities  of  modifying  content  oc    instruction  to  meet  the 
needs  of   individual   exceptional  cliildren.     It  offers  a  medium 
nv  wnich  <(   task  tfiat  a  student  nnght  consider  demeaning  would 
a-^pear  at  a  high  level. 

Cogen   ri'J60)   has   listed  17  advanta.:es  of  computer  instruc- 
tion  in  special  education.     Thev  are  provided  as  a  detailed 
listing;  upon  which  special   education  teachers  n^v  draw  in  eval- 
uating computer  assisted  instruction  witiiin  their  classroom. 
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1,  riic  learner   is  );ivcn  tlu-  opportunity  to  control  the 
situation   -   a  s  t  ra  teji  i  c  i)os  i  t  i  on  . 

2.  The  student   is  reciuired  to  participate  in  the  learnin.;^, 
p roc  CSS . 

i.     Individual    instruction   is  provided  for  speed  control, 

skipping  and  enriching . 
*J  ,     Repetition  or  a  new  approach  is  possible  where  the  child 

fails  to  comprehend  an  important  concept, 

5,  Branching  techniques  support  weak  areas  and  by-pass 
unnecessary  areas  on  an  ind ividualizcd  basis. 

6,  Attention  is  engineered  through  sound  and  eye-catching 
devices. 

7,  Lessons  may  be  changed  before  tlie  pupil  tires  or  loses 
i n teres t,  dim i n i shi ng  the  undesirable  effects  of  short 
attention  spans  and  possibly  helping;  to  develop  lonfier 
i  ntcrcst  periods  . 

8,  Computers  could  provide  rest  periods  as  needed  for  some 
i  nd  i V  idua 1 s , 

0.     A  mul  t  i  -  senso  ry  approach  wfiicli  nuiy  help  to  alleviate 
llic  effects  of   irnpairmeut,    is  provided. 

10,  IMctorial  perception  may  lead  to  knowledge  and  skills 
o  tlier  than  verbal  . 

11.  liariediate  tie-ins  l>ctv,^ee]i  sensory  and   symbolic  aspects 
of  learning  arc  possible. 

\Z.     l;xtrinsic  or   intrinsic   rewards  may  be  used. 
l.S.      Ii:iiacdiatc  responses  can  l)e  oitained  where  desirable, 
a  1 1  ow  MVt^,   for   immediate  adjust    rnts  and  reinforcement. 

14,  The  almost   instant  knowled^^c  <u    results,   at  appropriate 
tiines,  may  serve  as  both  motivational  and  corrective 
factors . 

15.  Students  may  benefit  by  hein^;  able  to  hear  (and  sec?) 
themselves  with  resultant  improveiiieiit  in  learninp  and 
s  e  1  f  -  1  a  e  s  . 

Structured  prograius  in  controlled  situations  liclp  to 
iPiakc  possible   later  applications  oi"   identified  skills 
and  knowledge   (transfer) , 
17,     Teachers  may  be  able  to  tune   in  on  individuals  or  groups 
and  assist  where  necessary.    (]>,  40) 

In  Providence,   Rliode   Island,   these  advanta)M.^s  liave  l^een  instru- 
mental  in  planning,  a  course  i:)rogram  and  worksliop  for  teachers 
of  the  mentally  retarded,      (Computer  Assisted  Instruction,  iy()5). 
In  the  area  of  the  deaf,   the  Stanford  University  Network  has 
taken  tiie  salient   features  of  CAI  and  applied  time  to  m.a  thema  t  ica  1 
instruction   for  the  deaf  m  which  statistical   results  indicated 
<in  advantage  to  usin^'.   the  computer.      (Suppes  ,   1971).  Another 
advantage  pointed  out  by  the  New  York  i.eague   for  the  Hard  of 
ijcaririg   (19r>8)    in  a  program  utilizing  a  mul  t  i  -  sensory  computer 
leased  program  is  the  release  of  hearing  and  speech  clinicians 
for  ::ture   time   in  individual  tlicrapy. 

O 
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Althouvji  this  does  not  exhaust  the  reasons  for  usij^;^ 
computers  as  instructional  tools,   the  advantafics  noted  arc  the 
most  direct  at  j;cttinp,  at  answering  the  "why"  question.  When 
one  asks  "why"  tl^ty  should  reflect  on  "wliy  not." 

WHY  NOT? 

Altliout;h  computers  hold  considerable  promise  in  the  educa- 
tion of  exceptional  children  tl\ere  are  at  present  several  limi- 
tations and  drawbacks,  some  of  whicli  may  be  corrected  by  future^ 
improvements  in  computer  hardware  and  software  while  others  may 
in  fact  be  inherent  limitations  for  this  approach  to  instruction. 

1.  A  computer  system  is  no  better  than  its  software  (a 
fact  previously  mentioned  in  this  book).     At  present 
special  education  is  unable  to  explain  or  ameliorate 
tlie  educational  difficulties  of  many  exceptional 
cJnldren.     In  this  regard  the  computer  shares  the 
limitation  of  all  otiier  forms  of  instruction,  which 
IS  our  genera  1  lack  of  knowledge  of  1  earn in^^, . 

2.  The  software  is  dependent  upon  the  innut  from  spcci.il 
education  tcacliers  wlio  am  involved  with  the  proper  avim  i  iv: 
of   instruction  for  exceptional  children.     Until  special 
education  teachers  get  involved,  canned  and  packaged 
prograias  may  be  as  inappropriate  to  an  excaptional  child 
as  a  basal  reader  is   to  a  child  with  reading  probleias. 

3.  Computer  input  is  at  present  almost  exclusively  depen- 
dent on  keyboards,  with  some  auxiliary  use  of  touch 
panels   (I'l-ATO)  and  light  ^ers<     While  this  may  be  an 
advantage  with  certain  disabilities  such  as  physically 
handicapped,   it  limits  the  auditory  and  kinesthetic 
responses  which  may  be  required  with  some  children, 

4.  Computer  output  relics  heavily  on  the  printed  word. 
This  has  many  limitations  for  the  problem  reader,  the 
mentally  retarded  and  the  blind,  and  the  learning  dis- 
abled wlio  may  experience  particular  reversal  problems. 
Certain  types  of  disorders,  i.e,,  behavioral,  may  not 
lend  themselves  to  extended  use  of  the  terminal  without 
direct  supervision.      Indeed  with     some  of  these  child- 
rcn,   the  com])uter  terminal  may  lend  itself  to  1  n  c  r  0  ci  s " 
ini^  bizarre  fantasies. 

in  summary,   all  these  factors  must  be  taken  into  consider- 
ation i^efore  deciding  upon  using  computer  facilities  within  a 
curriculum.     Special  education  teachers  must  actively  get  in- 
volved  in  creating  programs  and  wisely  selecting  materials  for 
students . 
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Slid  ION  I) 

SAMPLi:  PROGRAMS  BlilXG  USlil)  IN  SPliCIAL  liDDCAT  I  ON 

l)y  Mary- Beth  Fafard  and  David  Malouf 

The  New  York  State  Fiducation  Department's  Division  for 
Handicapped  Children  in  contracting:  witli  the  fSeneral  Tlectric 
Rosearcl^  and  Dovelopniental  Center  has  created  language  tliat  can 
be  used  by 'special  education  teachers  with  only  a  half-hour *s 
instruction,   to  design  individualized  daily  lessons  for  special 
cvlucation  students.     The  progrnia,  created  by  Dr.  Phili]^  Lewis 
and  'Walter  Stone,  has  been  used  experimentally  with  populations 
of  handicapped  cliildren  in  New  York,     Reports  by  teachers  have 
l^cen  favorable  and  they  point  to  the  advantages  in  holding,  the 
student's  attention  and  j^ottinp  tliem  interested  in  the  curricu- 
lum.    The  typical   lessons  arc  as  easy  to  construct  as  a  daily 
lesson  plan*     A  lesson  may  v;o  as  follows: 

"iii,     Vihat's  your  first  naiae?'' 

The  student  would  enter  his  name,  "l»ob", 

"I  ani  happy  to  know  you,  liob.     I  am  tlio  Cdi  Computer.  Today 
wc  are  goinp,  to  ]^ractice  some  addition:     5  +   2  = 

f Automated  l^ducatior.  Letter,  1973) 

The   lesson  would  continue  with  correction  procedures  aiul  state- 
iients  of  reinforcencnt  and  indicators  of  ]^ro)^,ross.     The  advan- 
tar.cs  of  Mr.   Cominiter  are   (1)   it  can  be  prof;ranmcd   for  a  wide- 
range  of  sul)iects,    ( ?0    it  treats  the  student  as  an  individuaJ, 
i  ut  is  iriporsonal  ,  never  sounding!  disappointed,   (3)   it's  en- 
courai^iug,    (4)    it's  ^^ame-likc,   and  (S)   it  provides   for  a  doul)linr, 
o\   the  teacher  interaction  with  students  on  an  individual  basis. 

Tliere  are  possibilities  of  usin;*:    !r .   Computer  in  tlie  home 
since   it  operates  over  television  cable  lines  and  tlie  cost  of 
the  kcyLoard  is   fairly  inexpensive.     This  provides  a  preat  ad- 
vantaj'.e  to  hone-bound  exceptional  children  as  well  as  children 
who  need  aviditional  work  on  academic  tasks  at  home* 

(:h:(U 

Computer  Based  Resource  Units  for  siiecial  education  are  a 
service  of  the  New  York  State  Network  of  Special  l-ducation  In- 
structional Materials  (^ejiters  currently  in  operation  on  the 
eastern  seaboard.     Tins  system  was  developed  in  order  to  aid  the 
teacher  in  j^lanning  educational  activities  for  'tandicanped  chilo- 
reiu   to  meet  their  individualized  needs.     Planning  good  resource 
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units  and   individual  activities  for  si>ecific  clii  Ulren  can  often 
take  weeks,  months,  or  years.     Since  it    is  contended  thdt 
others  are  facing,  the  same  dilemnwj   in  ;i  1 1   special   classes,  CHHil 
is  "...seen  as  an  attempt   tt^  help  the  searcliin>^  teacher  i'lnd 
the  other  who  Ikis  already  been  there.''     (Gearheart,   1973,   p.  L'SS) 

Lach  CiUUI  unit  was  developed  hy  a  j;roup  of  tcacners  and 
specialists  in  an  instructional   area.     The  units  contain  the 
objectives,  activities  by  wliich  the  objectives  may  l)e  achieved, 
and  evaluative  criteria  that  may  be  used.     All  of  this  had  been 
coded  and  stored  in  tlie  computer.     A  teacher  uses  tlie  Cl-dUJ  Re- 
source Guide  in  order  to  determine  wliat  units  are  available  and 
how  to  fill  out  the  form  to  obtain  specific  information  on  par- 
ticular  children.     The  teacher  j^ets  objectives  that  can  be  used 
for  the  entire  group  and  also  is  able  to  check  off  variable  char- 
acteristics for  individual  children.     Once  this   is  completed, 
it  is  fed  into  the  computer  whicfi  prints  out  ideas,  suggestions 
of  materials,   content,  activities,  and  evaluative  tools  for  the 
entire  class  and  work  for  specified  individual  children. 

CHHU  can  only  return  information  stored   in   its  data  l>anks,c-^^d 
It   is  presently  an  expensive  service.     However,  at  tlie  moment 
tlie  Bureau  for  the  liducation  Cor  tlie  Handicapped,  Office  of 
liducation,  and  Tiie  Regional  Special  l;ducation  Instructional 
Materials  Center,  State  University  College  at  Buffalo,  New  York 
provide  this  at  no  cost  to  teachers.     ((jcarhcart,  1973) 

Di^USK  JiMjVIC 

The  next  progr:uii  to  be  described  wis  prepared  bv  l)jvid 
■lalouf,   a  doctoral  student   in  special  education  at  the  University 
of  Oregon.      It  directly  shows  how  to     implement  a  nrogram  with 
a  select  jiopulation  of  exce]>tional  stuceiits, 

PROJIiCT  DliSCRH'TlOv 


Thxis  project  was  conducted  at  t'hc  Universitv  of  Oregon 
diiriag  tiie  S])r3ng  ijuarter  of  1  974,  vising  a  computer  terminal  in 
li-c  education  i)uilding   in  conjunction  with  the  instructional 
aLiivities  of  the  DeBusk  Center  housed   in  that  same  building. 
It  was  an   informal  project  in  the  sense  tliat  no  hard  data  were 
collected,  nor  were  any  experimental  hvpotheses  formulated  and 
tested.     The  purposes  of  the  project  included  these: 

1.  I'o  assess  the   feasibility  of  using   interactive  computer- 
presented  instructional  activities  witii  learning  disabled  child* 
ren . 

2.  To  tietermirie  if  and  how  teachers  w^itii  little  or  no 

expe  r  i  cnc  e  w  i  t  h  compu  tor s  coul  d  e  f  f  ec  t  i  ve  1  y  i  r: cor po  rate  comput  c  r  - 
presented  activities   into  their  instructional  programs. 
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Tlie  Ueiiusk  Center  is  a  special  education  prncticuni  site 
iiiuler  the  supervision  of  skilled  specialists   m  tlie  remediation 
of  learning'  disabilities.     liach  cjuarter,  university  students 
enrolled   in  the  |)racticum  are  jMven  experience  tutoring  learn- 
iUR  disabled  children  who  are  referred  by  parents  and  schools 
m  the  iiugene  area.     Ihe  emphasis  is  on  reading  instruction  based 
on  a  precision  teaching,  model,  and  rigorously  defined  categor- 
ies of  exceptionality  liave  been  discarded  in  favor  of  attention 
to  the  children's  individual  patterns  of  strength  and  weakness. 
The  (luarter  the  project  was  conducted  15  cliildrcn,   ranging  from 
elementary  to  junior  high  school  ages,  were  served  at  the 
center  by  11  student  teachers  and  3  supervisors  (2  of  whom  had 
previous  experience  with  computers.) 

Given  the  individualized  nature  of  the  instruction  at  the 
L)eBusk  Center   (no  student  teacher  met  with  more  tlian  two  child- 
ren simultaneously),  and  the  wide  variety  of  student  levels  and 
needs,   it  was  decided  that   the  computer  -  presented  activities 
sliould  he  dealt  with  as  an  education  resource  which  the  student 
teacher^  could  use  at  their  discrc^tion,   rather  than  as  a  svstem 
for  presenting  new  material  and  determining  curricular  conteiU 
ami  sequences.     The  latter  course  would  require  a  ratlier  large 
scale  effort,  wliich  would  be  beyond  tlie  resources  of  tl)is  pro- 
ject, and  whicbi  miglit  diminish  the  value  of  the  DeBusk  nracticum 
for  the  university  students.     Tlius  tl\e  prograrus  were  written  to 
allow     maximum  flexibility,  wjth  controlled  readi)\g   levels  and 
provisions   for   input  from  the  student  teachers  and  the  children. 

The  student  teachers  were  int)'oduced  to  the  computer  ter-  i 
minal,   a  model -33  teletypewriter,   in  a  single  demonstration 
session,   and   told  tliat  they  were  to  be  accompanied  by  one  of  the 
sv^pervlsors  during  the  first   few  times  they  operated  the  svstem 
V  i  Ui  their  students.     Since  tlie  terminal  was  also  used  by  uni- 
versity students  not  associated  with  tlie  practicum,  a  schedule 
was  posted  on  the  door  of  the     TTY       room  to  reserve  specified 
tines   for   the  student  teachers.     A  brief  handbook  was  prepared 
and  made  available  which  detailed  the  procedures  for  logging  on 
and  off,  and  correcting  errors,   and  which  also  contained  a  de- 
scription and  sample  of  each  of  the  programs.     The  handbook,  which 
was   intended  to  be  used  in  preliminary  planning  of  lessons  as 
Well  as  during  the  actual  operation  of  the  machine,  was  not  fully 
utilized  during  the  quarter.     Perhaps  this  was  because   it  was 
oasier  tor  the  student   teachers  to  ask  advice  from  one  of  t\.^ 
Sijj>erv  isor  s   than  to  wade  through  the  mntcrial   in  tb.e  liandbooK. 
iiowever,   poor  utilization  of  tlie  handbook  seemed  to  reduce  the 
effectiveness  of  the  computer  activities,   and   limited  student 
teacher  awareness  of  new  programs  as  tliey  were  added.     A  more 
serious  effort  at  computer  assisted  instruction  would  require 
an  intensive  program  to  familiarize  t}ie  teachers  w^ith  the 
eciuipment  anrl   the  available  programs,  as  well  as  to  suggest 
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I>ossil)lc  applications  of  l^hc  prof',rams  to  the  remediation  of  spe- 
cific student  deficiencies. 

The  programs,  which  were  written  in  BASIChy  a  graduate 
student  with  approximately  10  hours  of  course-work  in  co'nputers, 
varied  in  length  from  81   lines  to  239  lines.     Tliey  were  com- 
pleted one  at  a  time  during  the  first  part  of  the  quarter,  and 
inodified  from  time  to  time  in  response  to  feedhack  from  the 
student  teachers  and  supervisors. 

The  first  program,  GllliSS,  was  a  game  similar  to  the  one 
commonly  known  as  'Hangman/'     licfore  tlie  student  sat  down  at 
the  terminal >   the  student  teacher  was  asked  to  input  a  word  and 
to  set  the  number  of  guesses  tlie  ciiild  sliould  be  allowed.  Tl\c 
word  was  to  be  one  previously  encountered  by  the  child,  or  one 
which  conformed  to  phonic  rules  with  which  the  child  was  fami- 
liar,    w'heji  the  cJiild  sat  down  and  began  the  game,  the  rules 
were  explained  and  then  a  series  of  blanks  were  printed,  each 
of  whicii  represented  a  letter.     Ti)e  child  was  allowed  to  guess 
one  letter  at  a  time  by  pushing  the  approi^riate  teletype  key. 
If  the  letter  appeared  in  the  word,   it  was  inserted  in  the 
correct  spot»  and  the  machine  printed  a  mild  verbal  reinfcrcer. 
If  the  letter  appeared  more  than  once  in  the  word,  the  machine 
responded  with  a  stronger  verbal  reinforccv  (^'Wowie,  zowie,..'' 
which  specified  the  number  of  spots  in  whicli  the  letter  belonged. 
These  verbal  reinforccrs  were  observed  to  be  effective  in  main- 
taining student  motivation  at  the  game.     This  program  was  in- 
tended to  be  used  in  a  variety  of  ways.     The  student  teacher 
could,   for  cxai.iplc,   supply  the  child  with  an  initial,   final,  or 
medial   letter,  a  letter  cluster,   a  definition  of  the  word,  a 
synonym  or  antonym,   etc.     Thus  the  exercise  could  be  used  to 
practice  a  variety  of  ]>revious  learnings.     However,  poor  student 
teacher  awareness  of  the  possibilities  of  the  program  limited 
its  use,   and  words  were  sometimes  entered  with  which  the  child 
v.as  unfamiliar  or  which  used  phonic  rules  wliich  the  child  had 
iiot  mastered. 

The  second  program,  SIIPHR,   (see  Appendix  A)  was  a  rather 
long  story  which  incorporated  personal  information  about  the 
child   into     the  narrative.     The  student  was  first  asked  to  enter 
such  data  as  his/her  age,  sex,  school,   teacher's  name,  a  friend ^s 
naiiC,  etc.     A  correction  routine  followed  which  allowed  the 
child  to  change  or  correct  the  answers  before  the  story  was 
printed.     Only  after  the  child  iiad  indicated  tliat  the  answers 
were  correct  was  the  story  printed.     Student  response  to  the 
story  was  quite  entliusias  t  ic .     It  was  reported  that  several 
of  the  students  took  the  story  to  school,  and  feedback  from 
their  teachers  at  school  was  also  positive. 

The  third  program,  S1j\RY  ,  was  a  shorter  story  which  could 
be  repeated  several  times  in  one  session,  and  which  allowed  for 
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greater  .student   input,   for  example  a  description  which  could 
take  up  to  a  line  of  tl^e  text.     Student  reaction  to  this  storv 
vvas  aj^ai.n  observed  to  be  ratlier  positive,  causing  one  child 
to  fall  of  his  bike  with  exuberance. 

In  conclusion,  as  was  previously  mentioned,  this  project 
l^roduced  no  hard  data  by  whicli  to  judge  the  educational  value 
of  the  computer- presented  activities.     In  a  situation  whero 
the  children  were  receivinjv  highly  individualized  and  inten- 
sive instruction,  the  computer  assumed  the  role  of  a  motivator 
and  positive  veinforcer.     Several  of  tl>c  student  teachers  in 
which  computer  time  was  used  as  a  reward  contingent  upon  the 
accumulation  of  a  number  of  points  or  tokens  for  desired  behav- 
ior durint:  the  turorial  sessions.     Children  at  the  terminal  were 
required  to  do  a  substantial  amount  of  reading,   for  example 
cjuestions  to  be  answered,  rules  to  be  read,  and  stories  in  whicli 
they  were  the  heroes.     Also,   the  students  were  required  to  do 
some  typing  of  letters,  words  and  even  phrases.     Thus  the  time 
they  spend  at  the  terminal   involved  considerable  practice  of 
reading  and  writing  skills,  and  presented  these  exercises  in 
an  enjoyable  way. 

It  was  also  observed  t)iat  the  student   teachers  became 
interested   in  the  possibilities  of  computers  in  education,  and 
several  asked  for  more  information  on  the  subject.     A  greater 
de;;ree  of  utilization  of  the  comput  er  -  presented  activities  can 
probably  be  achieved  by  a  more  extensive  prop,ram  for  training 
the  student  tcacliers   in  operating  the  computer  and  adapting  the 
activities  to  tlieir  individual  instructional  requirements. 
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iii,   kid.     What  is  your  first  name?     (Just  vour  first  name.) 

'^koa 

iicllo,   Hon.      I  .un  going  to  write  a  story  abjut  you. 
But    first,    I   liave  to  ask  you  some  (questions. 
Ansv^'OY  them  carefuly.     Ok?    Here  we  go! 
nhat   is  your  last  name,  Ron? 

ivon  Jones.     That   is  a  nice  name. 

iiow  old  are  vou ,   Ron?     (Use  the  number  kevs  on  the  top  row.) 
Ml 

Pardon  mv  askint:,  but  are  you  a  bov  or  a  girl.     I  can't  see  you. 
?A  boy 

WJuit  is  the  name  of  the  city  you  live  in,  Ron? 
?i:ugcnc 


What  school  do  you  go  to,  Ron? 
?Patterson 

What   is  the  name  of  your  teacher  at  Patterson? 
?Miss  Fafard 

Tell  me  the  first  name  of  one  of  your  ftood  friends,  Ron, 
(Just  the  first  name » ) 
?l)ave 

What   IS  Dave's  last  nano? 
?AndroKs 

Wliat   is  your  favorite  color,  Ron? 
?  Ye  How 

ilere  are  the  answers  I  have: 

1*  Your  name  is  Ron  Jones. 

2-  You  are  11  years  old. 

3-  You  live  in  Hugene  and  gc  to  F\atterson  School, 
1-  Your  teacher's  nane  is  Miss  J-afard. 

5~  You  have  a  friend  named  Dave  Andrews. 
6'  Your  favorite  color  if  yellow. 

Do  you  want  to  change  any  of  tliese  answers  before  I  nrint  the 
storv? 
?Yes 

rype  the  number  of  the  line:  that  you  want  to  change. 

If  you  want  to  chanj^e  more  than  one,  choose  iust  one  now. 

?S 

What   is  your  friend's  first  nane.     Just  the  first  nane. 

?l)ave 

What   is  Dave's  last  name? 

?App le 
Any  more  corrections? 

Ok,     Here  is  the  story  about  you.      [   hope  you  like  it,  Ron. 


Ron  and  the  Super  I'clt 

By  Ron  Jones 
and  the  computer 


This    is  a  story  about  Ron  Jone^.     iie  was   11  years  old. 
^)nc  day»   as  i^on  was  going  home  from  Pattersor^  School,  he  saw 
a  nelt  in  the  ditch.     The  belt  was  yellow  and  it  had  a  button 
on   It.     Ron  put  on  t!iC  belt.     it  fit  him  well.     Then  he  hit  the 
b  :  t  ton . 

*****lViiAMi  *^***BAM!  *****Sl^MI  *****KABLAM!  ***** 

Ron  became  super  boy! 

!'on  jumped  up  ana  flew  away.     i!e  flew  lii^i^lier  and  higher. 
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llis;hcr  than  the  trees.  lli^l^er  tlian  the  clouds.  He  looked  down 
and  saw  his  friend,  Dave  Aj^plo  plavin^i  in  the  street.  Oh  tH)sh! 
A  car  was  coming  fast!  Dave  didn't  sec  the  car!  Ron  flew  down 
and  picked  Dave  up  just  as  the  car  went  hy . 

'Thank  you,'  said  Uave.  'You  saved  my  life.'  Then  Dave 
iooked  at  Ron  and  asked,    'Who  are  you?' 

'Don't  you  know  me?'   said  Ron.     'I  am  your  friend,  Ron.' 

'No,  you're  not  l^on,'  said  Dave.     'Ron  doesn't  have  a 
yellow  belt,  or  a  yellow  cape.     Ron  can't  fly.' 

'Then  I  aia  super  boy,'   said  iion.     And  he  flew  away. 

Well,  that  day  Ron  had  a  lot  of  fun.     He  flew  so  hi«h  that 
I'ugene  iooked  like  an  ant  hill.     He  played  taj^  with  an  eagle  and 
a  hawk.     Then  he  flew  to  Patterson  Scliool  and  got  all  the  balls 
off  the  roof.     He  threw  tlie  balls  to  the  kids  who  were  playing 
at  the  school.     They  all  yelled,    'Thank  you,'  but  they  didn't 
know  w*ho  he  was. 

Then  Ron  saw  Miss  l-afard,  lii  s   teaclier*     Miss  l-afard  liad  a 
l)ig  stack  of  books  aiul  was  walking  to  t)\c  bus  stop.     Ron  flew 
down  and  got  all  the  books,  then  lie  flew  up  liigh.     So  high  that 
Miss  Fafard  looked  like  a  little  dot»  a  little  spot. 

Miring  b<jck  tliose  books,   Ron!'     yelled  Miss  Fafard.  'I 
know  who  you  are,  Ron,  and  I  w\int  lay  books!' 

'What  did  you  say?'     yelled  Ron. 

'I   S'lid  bring  back  ay  books,  Ron,  and  stop  jnessing  around!' 

Ron   flew  down  and  landed  by  fliss  fafard.    'How  did  you  know 
It  was  no?'   he  asked.      'All  the  kids  think  I  am  super  boy  because 
i   can  do  super  things.     They  don't  know  who  I  am.' 

■Oil,  Hon,'  said  Miss  I'afard,  '1  Ikivc  always  felt  you  are 
super,      I   have  always   felt  you  can  do  super  things.' 

f^on  took  off  the  belt.  fie  lianded  the  books  and  the  belt 
to  Miss  Infard.  'Here  are  your  books,'  he  said,  'and  here  is 
my  super  belt.     1   am  sick  of  flying.' 

•riiank  you,'  said  Miss  Fafard.  'You  do  not  need  a  super 
belt  to  be  sup'^r,  Ron.' 

file  i\cxt  day,  Miss  Fafard  wasn't  at  school.      'Is  Miss 
i-afard  mad  at  lue  or  sick?'   asked  Ron.     Then,  after  school,  as 
Ron  WHS  going  }^o^'^e,  he  heard  a  voice  from  way  up  high. 
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MIollo,   Roa,'   said  tlic  voice.     Ron  looked  up  and  saw  Miss 
lafard  flyino  above  him. 

MIello,  Ron/   said  Miss  Fafard,    'Thank  you  for  the  super 
belt.     1  am  now  super  teacher.     Do  all  your  hone  work  and  don't 
chew  j;uin  in  class.     I  am  :.^oinf'.  to  Washinj;;ton  to  bo  President! 
(joodhye,  Ron,  ^toodbye  *     and  Miss  Tafard  flew  away. 

\So  Miss  Tafard  wants  to  bo  President,'   said  Ron.  ''Adults 
just  don't  know  how  to  have  fun.'     And  he  ran  to  Dave's  house 
to  play. 

TliH  HND 
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V.   4,   ri       (<^X:tohor  1971)   no,  .;r>-51 


Statin<?  that  quality  pducavnon  bocomo  a  realitv  bv  inolenontinn 

i  n<Uvi<iihili  7.G<1  i  n?^  truct  ion  for  all  ^Aturlnnbs,   the  authors  pror.ont 
Studont  program  Manaaomont  svstom  aporo.ich  for  individually  tailor<?d 
loarninq  orescrin tions »     Tho  oroqrain  was  tested  in  nridqenort,  nichiqan 
on  handicaonod  children.     Tt  is  "ossontiallv  an  educational  comnuteri  7,ed 
trackina  svsten  which  keens  tdh,   intervenes,  and  corrects  d  course  of 
action"  on  students  recovinized  to  have  learninq  problems.     '^he  authors 
see  the  nroqran  not  as  a  rf^nacaa ,  hut  as  an  aid  in  settinq  uo  and  main- 
taininq  accurate  educational  orofjcrintions  for  special  children.  There 
is  a  coordinator  with  the  5^PM  who  translates  reports  fron  roportinn 
nersonnel   into  comouter  lanquaqo.     The  oroqran  not  onlv  stores  informa- 
tion on  each  st\if^ont,  hut  prints  out  prescriptive  data  for  the  educa-- 
tional  olannina. 

'^v<-.  was  an  interestinq  article  in  that  it  pointed  to  one  of  the 
ways  a  coniouter  could  be  used  in  ^^necial  Fducntion  proarans .     T  v;ould 
have  liked  to  see  more  information  on  how  the  prescriptions  were  develop- 
ed for  the  conouter  and  some  follow-uo  studies  on  the  computers'  accuracy. 


Donohvie,  James  F. 

^<^mmj^ter- ed     tudy  _o_f_Mo n ta    J^ot a£d at. ion 

Computers  and"  Automation     ^7.    18,   n  11,    (October  19G0)  pp. 

I'he  studv  and  trr-.-itment  of  nent-^l   retardation  have  made  qreat  -ulvan^  m-. 
tn  recont  v^ars .     One  tool  helping  to  f'lrthor  sophisticate  those  a<Wanco^-. 

honn  tho  comr>uter.     This  article  is  hasod  on  the  work  at  Pacific  ':tat<' 
liosnital    (?^SH)    for  the  mentally  retarded  at  Pomona,   <^'a  1  i  forni  a . 

vAiilo  neoolo  tend  to  contuse  mental   illness  and  mental  retardation, 
r>^f>v  aro  two  von^  different  di  sabi  I  i  t  i  r>s  .     ^'^r  thernore  ,  mental  retardation 
IS  as  heto  roaeneous  ris  other  disabilities  an'^  thus  somo  skill   ir>  ro'^ui  ror^ 
at  makina  a  nood  diaqnosis  of  the  .ictual  oroV>lem.     P^'H  i ncornora te^i  n 
'{onovwoll   ''odel   1:^00  computer  to  assist  in  tneir  di^r^nosti":  worV ,  With 
the  airl  of  this  computer,   the  staff  was  able  to  net  a  nrofile  of  those 
natir^nts  d'^in-^  while  at  PSH   (the  mentally  retarded  do  have  a  s>iorter 
life  sr)an)  .     '''he  n^.tient's  probabilitv  of  dvinq  while  in  the  hosoital 
was    lirectlv  related  to  his/her  aae,    lo,  di.iqnosis  and  handicaps.  nn<:e 
t^iis  nrofile  wis  known,    the  admissions  staff  could  aet  such  data  durin^i 
tho  patient's  first  dav  at  Pf^H  and  forv/arri  it  to  the  chief  physician 
wher*^  -ipnror>riate  snccia]i7.ed  medical  attention  could  be  provided »  Th<e 
inci  Vnce  of  death  for  the  hiah-risk  nrouo  dropped  from  ]1  ocr  cent  in 
]^''.:^  to  ?  per  cent  in  19fS9.     PSH  feels  tho  same  techniques  could  also 
ho  applied  to  hospitals  for  other  than  the  mentallv  retarded. 

The  success  obtained  in  lowerinq  the  derith  rate  caused  PSU  to  look 
*'or  other  comnut^^r  applications   for  treatment  of  the  retarded.     The  dat.^ 
/ilreadv  available  was  also  found  to  be  useful  in  predicting  the  incidence 
an  i  prevalence  of  infections  and  other  diseases.     As  patients  v;i  th  cer- 
tain T>rofiles  were  admitted,  specific  medications  were  innediatelv  ad- 


Ma  rv  -     neth  Pa f a rd 
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ni  :;t.<^ro-K     F'or  f*xarnplo,  wh'?re  dysonteiT  vms  onco  common  at  PS}[,    it.  h^:. 
boon  all  J)i3t  v/ipod  out. 

>not>)or  ^v'p   for  t:!-,.^  romrMifor  l^-^r;  bi^nn  in  f^ir   ^.^Vin7  of     r'o/ ,  -rVjr. 
Mf'ks  soph  1  ;^  M  f:it  i<)n  K^or.^nso  of   "rvn*'.o"  causo'l  \>v  r  <*rohrosp  i  rvil  ^Inpi 
.'>urrf)iHidi  nn  th*^  brain.     Th  i  r;   fluid  c-ausos  a  sort  o*"  ^^t.atir:  which  di'.r».r^«; 
tho  yyn  rt^a^Unn.     Howovor,   tho  comnutor^   thrnunh  ^'  '  avoraninn  nroc'»ss,  is 
ablo  to  qroatlv  improvo  tho  accuracy  of  tho  rf»arlin7.     This  sami3  ttfchni-nio 
is  also  U5f*d  to  road  othe*-  rosoonsos  ovoked  from  thn  brain.     This  has 
cnahlod  tho  rjtaff  to  do  a  bettor  ioh  in  ovaluatinq  the  patients'  j^iqht 
and  hoarina. 

^'inallv,  ha.s  takr^n  its   rosoarch  into  commun  i  tir»s  in  ordor  to 

hotter  study  mental  retardation.     '^he  findinqs  reveal  that  a  person's 
sor:io-oconomic  >)ackaround  and  race  are  freauently  overlooked  when  tn/i  nq 
to  determine  the  causes  of  retardation.     Thov  founrl  that  when  a  poor  per- 
son from  a  minority  qroup  had  the  same  characteristics  as  a  middle  class 
Caucasian  T')erson,   only  the  poor  minority  qroup  person  was  qonerallv  cat<^- 
lori/.ed  ris   "retarded."     Such  findinqs  are  causinq  communities  to  look  at 
whv  th'^v   label  some  People  mentally  retarded.     The  communities  can  then 
rovamn  the  delivery  of  their  services  in  terms  of  the  answers  to  these 
<ju*->st  1  Dns  . 

'^>,o  r-omput-er  was  also   fo^md  useful   in  helninq  to  set  up  al  ternat  i  vo'> 
trj  hosnital  r")  la  cement  or  spocial   education  class,  ^oms  . 

'^Tv  Godson 

J^r-rn,    !.est^'l■  V/,   and  ""rl^ason,  f^^arv 

'^^vu'V,  i^j.j^     J'[i'^^         ^j}"'^^  ''V)rpa>uter   to  A^^adomi  !>i  llv  Talonted 

1 ' n  t  1  rv  S  ch oo  1  Ch  1 1  d r e  n 
Ar-ith-^etic  ^e  a  ch  e  rV  V~lT,    (1?70}       .  ?A^)-9l') 

In  r">'''->  an  experimental  riroiect  desif^ned  to  teach  concents  of  th'"* 
comrvitor  fn  7S  academ.i ca  1  ly  talented  fifth  nradnrs  nnd  sixth  ^-raders  was 
<^ondicted  at  ^'ensacola,   Ploriria*     nata  orocessi  nq  instructors  at  the 
-od  i*^rip  tauaht  the  compute  r  concents  tinit.     '^'he  children  received  a 
o;m'  'and  one  half  hour  nnriod  of  instructiori  for  tr>n  consecutive  weeks, 
""hov  novo  red  the  areas  of  thr>  histonv  of  commiter.s,   numeration  svstem';, 
"O'-.'vjter  hardware  and  FOp^ram  oroqramminq.     '^-he  culminat:' nq  activitv  in- 
volved th^^  students  in  writinu  and  runninq  a  short  ^ORtram  nroqram. 
T'O'-hni  Mj   as  wo]  3   as  ^rf^neral  aspects  of  the  comor:ter  wore  covered. 

A r ;  a  t e c h n i ' n j o  to  c o n v e v  wh a t  h a t-> n o n s  a t  e a ( - h  ^, t o p  in  the  n r o n r am , 
tVr.  class  act-o'i  as   a  comoutf^r.      "Fach  child  vms  assiune^l  a  pof^t^^A^I  stato- 
mnn^   and  executed  his  sinale  instruction  a:s   t>:e  comnuter  would."  mhis 
wn s  o s no c  i  a  \  1  v  e  ^ f ec  t  i  ve  f o r"  dor,on s t r a  t i  o n        h r a n ch i nq  on  the  b a s i  s  of 
an   "1-^"   sratement.     '^h^  stvidonts  also  wrote   tv;o  nroqrans  bv  themselves, 
""imr*  m  class  was  uso.]  to  correct  errors  an^  to  rerun  student  nroorams, 

V/h  He  ^hn  n  ro  i  e  c  t  wa  s  deemio  d  an  o  ve  ra  11  rva  c  ce  s  s  ,    it  wa  s   felt  t  rja  t 
Vie*:ter  results  coiild  have  been  achir-ved,   i^  moro   tirto  had  boon  available 
for  instruction.     It  was  further  dote  miner!  that  coordination  of  th^' 
co^'.iitor  st-idiT'S  with  toni-s  studied   in  mathenatics  -ind  science  will 
**"5  '  •  o  r  1  ^  *  n     e  s  s  <  i  rv , 


:^t!j^s:u  I  dt  ic.j^i  v;af.  also  mado  about:  the  kirulr;  o^*  tiochni    un s  w  \n 

teach  tho  comoutor  course.     It  wa^;  suatrostod  that  «^tud'^ntF^  with  av*-»rrj  to 

abilitv  nav  need  difff^ront  methods  of  instniction  than  the  aiftod  child- 
ren. 

Kathlocn  M.  McMannan 

ffarmanr  r.F.  and  Ravnond,  C.r>. 

fOLirnal  of  Morvons  and  Mental  T)isoaso  (1070)   nn,  4on'-^;0'^ 

PooorLs  on  the  vise  of  rjonout^rs  to  norforn  the  multivariate  analvsis 
to  bo  \ised  for  orediction  of  successful   rehabilitation  of  chronic  r>svchi  -i- 
trie  nationts.     The  nroqran  was  rated  as  successful   in  that  patient  clus- 
ters were  discovered  which  have  extremely  hioh  correlation  with  the 
positive  T^roqnosis. 

As  the  author  suqqests,   the  extensive  data  alreadv  exists  to  nake 
areat   inoroverr^ents   in  prognostic  abilitv.     Ifowover,   th«re  is  so  much  in- 
♦"ornation  available,  and  handlinq  the  multinle  correlations  is  so  difficult 
to  do  bv  hand,   that  onlv  bv  introduction  of  the  connuter,   can  t>^e  task  bo 
nade  nanaoeahle.     This  could  be  a  significant  steo  in  the  provision  of 
inoroved  diaanostic  orocedures  for  the  serious Iv  nsvchiatr icallv  impaired. 

Cnqen,  Victor 

The  Comnu  tors  *   ^i^l^  ^ n  Kdiic a t  ion  a nd  '^se  .^yth  "the 

Mental  Retardation      V.   7,   n  4,    (1069)   pp.  1^-^:1 

f'tatinq  that  " .  .  .  .  technoloqi  ca]   advancernont  refuses  to  w^it  for  tho 
educational  laa"  the  author  examines  the  one  rations  of  tJie  con- 
Tauter,   its  role  as  an  assist  to  th^  teacher  and  instructional  process, 
and  its  advantaqes  to  special  educa^'ion.     fie  notes  that  what  is  to  be 
avoided  i  5-  the   flood  inn  of  the  educational  forun  with  "oroq  ram  less  teach- 
inn  machines".     A  description  of  CAT   is  qiven  and  the  wide  ranqe  of 
possi>n  1  ities  t)iat  it  has  for  the  educator  of  handicapped  children.  '^he 
author  lists  the  followina:    1)   examples  of  instructional  nroqrarr.s  for 
techno lo^;v-based  education,   2)   advantaqes  of  computerized  instruction 
for  t'-.e  rental  ly  handicanoed,   ^)   utilization  of  information  retrieval 
svstems   for  tho  handi canoed .     Also,    the  author  elaborates  on  the  data 
nroce-isina  possibilities  and  oersonnel  traininq  nroqrams  that  are  avail- 
ablf!  with  the  com.nuter. 

This  is  a  miJSt  article  for  neoole  in  special  education.     Tt  thouaht- 

fullv  qives  some  of  the  advantaaes  of  the  connuter  and  its  possible  uses, 

^"^ppcial  educators  shall  have  to  implement  many  of  these  ideas;  this 
article  serves  as  a  possible  beninninq. 

Marv  Beth  ^afard 
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S!!KV!:YS 


The  material  contained   in  this  chapter  con- 
sists of  abstracts  of  various  surveys.     I'.ach  abstract 
eonlai)iS  the  name  of  the  sui'vcy,   a   summary  of   its  con- 
tent,  a.'ul  a   rcrcrenco.     Those  interested   in  the  surve\' 
can  obtain  a  copy  In-       itinp,  to  the  person  o  i-  a.uency 
nidicated    in  tlic  refcM-cnce.     Ti!b.  ABSTRACTS  RbPDnSiiNT 
OMY   t'AlMlAb  l^liSlIl.TS,   and  are  provided  as  an    index  to 
surve^•^;   that   might   lie  of  fui-ther  use   to  you. 
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S!:CT[^t)  A:      i^BSTl^CTS  OF  SURVHYS 

2  Coinputars   lm  Higher  b'dvication 

ourvey  of  Coinputor  Science  Kducation  of  the  Toachors  of 

Coinputor  Science  in  MI'TCOM  Craiq,  L. ;  Mour^rand, 

D;   WUtnoy,  R, 

')  SuWey  of  Comjnitinq  Activities  in  Socondai^ 

Schools  Darby r  C;  Korotkin, 

A;    Rosmashko,  'i\ 

r373  nircctory  of  Computinq  Facilities  in  Inshi- 
tutionfi  of  higher  Education  Throughout  North 
Anorica  Darr,  G. 

II  Keniot<^  computing  in  Fliqher  Education  deGrasse,  R. 

13  Irivontory  of  Computers  in  U.S.   lliv^her  Kd.  Harrt^^len,  J. 

1.7  RG.ivilts  of  the  Washington  High  School  Computer 

Programining  Survey  Ouistroff,  K, 

IH  A  iMtional  Survey  of  the  Public's  Attitudes 

Towar<i  Computers  Schiller,   C?  and 

Gilbert,  B. 

1'-^  t:oinputor  Science  Curricula  Survey  IValker,  r. 
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■Ihi^.  Vi'l^ori  >/:o-;  dividod   :!ilo  od.ir'tor 


•i'ru-  v;'o:u:);j- '  -^r  .'.  'i  rMirr^  :'tj..ulotd.. 

1  n?  i-i-acl  i  on  ":?ot,v/oon  Jvosorircl)  ..ini3  Kdticat.  j.ojui  1  ns»^s  of  Ct>:-i;;ut:r rs 
Tt'c  rompulor  and  ^"ooor^daw  ]■:<  u h 'a I  ioti 


(.*■  -r-i:  ^at '  vra    in  i  'dnr-at  a  jj. 

[■daaat.  I  r;a   tdu-  l^'aculry    i  r;  :"a.-  oi"  tiu-      ^'ni  ai  loi' 
Th"   i.ai'a':'  'diivoraiLy  > 'o:nna    j  i.  t  ^ -ita  I  !",ioility 
VVtrat      )n;>a  t,o        ua  1  i  ta     >  -  i 
1  i:-ia  ^  I.  'jri  o  T      -au  i  r  -  m.1  ->■, 
Va^ '  r^r''an^L  ical.    mi  ra'L>i  ■  1 
rd-    ,r^v,-th  or   U\'-  ::r-::  a:  ^  ■;■ 
:-:<  i-:.:vb->   ^a  f    tdi'-  '.a^   ■    :  . 

•■  t  at  ori-at  s  C''.jnc^«:aa  i  i  u  '  ':'a'l  a 


as  '-v  a  fa/    sari  v'oat.. 


aast  i  '/ 


rv  ta  1  ■:>:  :a  '. 
.  i  L  t  a!,  i 


r     '  ^  a(.'  .:a  adv  .  -d 


i      '  ^a^    f 't    ^:l.it  r'    (  1  an  V  )    f:ianv"  td;-'- 
i;-        'iay   -a-a-^'   ;  ^jdr;    I  Ovta/ .      Tva  , 

'  ^    ld^^:l    ^  ^    I  a    :  -or  1  ■]  aul  V    3  n  1.  ri-  • 
'  -a-  .    !  1.  '/J  t  i  f:>M  "1 1   a:-;"   i.n     !  ]    <  j  1- 

in:ii>:-  o,ii.i..,n;.iori         Iv^Vl-'/d^    .md  vh-   ^.i•'■v,I■ld  t.lio'no    is   tdMl.  Mp^ 
ill       al  riio'j  fh    iarac^   in   t^o:,il   ri(,|iar  -iirionr^t,    ia  not  larqr- 
o:.  a  a'^r  :aa;dont  i-iai'-.     'di  ;  :  ■  ■  r-iat    ]S  ostirnat.^'d  to  ! 

'tdii;.:    !  ,  ^■r^:^l:  ■  J  !'a^:.d  < '   t  -  >   fdi«>  aS'.'   la;   $^''0a  yor  ataulcail    pr^r  y^^^ij- 


I  a;  '  'a  a:.a>!  " 


d  v.-ar  .'-1  L-a-d  . 


■at:  1  r.n   m   th-   r-/r-:a  t 


■at  J  '.a.  ■        '    ^  ;  in   I  t  i  J  1  <■/,;  1  nq  to  a 


a  -  Iv  V 


'idi^a--^  aad':^ra  radaatc;.-;   arc^  c'ni'c^llcd  in 


I-    a.  ■  i  :  ,  ; 


-    '  r:u|^       '.M  MuU:^  J.O    \.a'  ■ 

;oarar.s.     Aa  ad^.iitLoajl  d 

at..!:-/;   taramira/  would 
"irr.   ^a'  :n  -".^■^■.l1       .a la; o;> . 

■i  a  *■  a"   I,  ra  i  a  M .  :    :.     :iO  t  r.^' 


.^t  ^/'.>r:a.it i:;  a  suJ:>a  t:.jnt  i  a  I  frar-- 
'  '  ■a"^::'ajr  .ir'-   i  n  carrirajl^i   for  vd")  i  ali 
'/' a*y  Uo-'aal,     irii  lirnitod  con: •  a ':'--r' 

'  '<.^'iy'>^'.--   dina        thra  r  coldo.;'.>  ^'da- 
a":.:  >oi"tara       ■  l/a,^ir  riarin"  staidioa. 


■  :\  o^*^'> 


*:.a.ar:  a  a.c.a".  -'a<i:  o*  ' : 
"/•MV  To'W  favorc^d  ac! 
d'.aa.'  ^'dacait  ior:al  o'- 


:d.a,  h       a:'c-^a.;:;         aoirfair  iav:  a^' 
^'-■■wr-Vor ,     '  t;  TVMCt  i  '-al  t^ 
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Jl<.;a'''a   .ind  a^ 


raita'a'   m  ' -r^ot ) oration  w  1 1; ;   t  • 


x.3 


!%^dnral  f 'overrirnon t   take  iitop:^  to  provide  all  students  needin      .  icii  faci- 
lities with  computing  service  at  least  comparablo  in  quality  lo  that 
lAew  available  at  the  ncu'e  ]:>ionoerincj  schools. 

...     One  o{'  tlu^  major  problems  in  providing  the  necessary  educational  com- 
f^'itinq  is  tlie  cost.     The  yearly  cost  of  providing  this  service  will  rise 
to    I  total   {for  baccalaureate  programs  and  2-year  colleqes)  of  about  $40Q 
■  -illi^^u  n.^r  year  \\\  1971-72  in  addition  to  the  relatively  smaller  costs  re- 
qui.r(>ii  for  faculty  training  and  associated  research.     It  is  l^eyond  the  ca|  a- 
bM.  .ties  o\~  our  colleges  and  universities  to  bear  all  of  this  cost  in  tiu  a 

"^LSliai':^!^]!:^.  tliat   r'oilogt^r;  be  imic  >u raqe<^3   to  provide  adequate  comput- 
'  -  •   '  hti^aqh    lovernm^Mit  sViarinq  of  the  co:-;t.     Sucli  governmontal    cost  sharinq 

'^h  riMq  iii^'luf}^-  sr^r.r■i,q  (jrantH  to  cover  tran'-n^n*  f;onfr:  vfuTi  '^^rvi^''--  !■;  hcii  ; 
iiiii  lairMi  ot    laruei    tacilities  are  beincj   Installed.      It  should  also  provici" 

a  fiiMtiC'h  o(  the  annual   cost  of    -ontinuKnq  service. 

; 'c'V- 'rnr^ent  accounting  ru"acti<:es  have  made  it  very  difficult  for  ccdleqe, 
!jni  vprs  it.ies  to  utilize  fully  that  Federal  and  private  sunoort  for  com- 
r  a^<"r:>  r>r  computer  .service  intended  tor  unsponsored  research  and  echication 
dis  t  uiquistied  from  re^>earch  paid  for  by  grants  and  contracts). 

i  f  eatf'jcnt   fr^r  a  grant  for  educat; i  ona  1  use  of  a  computer  at  a  redLrr-Llon 
:n  tot^l  cvv;t  reduce:?   the  hourly  charge   for  comnuter  time  paid  by  all  uspr:> 
a:i  I  ha:->  trie  effect  of  shifting  research  costs  to  educational  users.     '["he  Do- 
narf;:>Mit  of  Defense  has  recognised  this  and  now  has  an  agreement  with  the 
:iitr:>nal  Scienc(}  Foundation  not  to  treat  NSl'  educational  grants  for  of^rr- 
.»t:ng  (K<pensas  as  a  reduction  in  snonsored  research  costs. 

'!  ur/  :^chools  cannot  now  afford  to  pay  for  educational  and  unsponso r^-r] 
i^'^:^  aio'i  u^w  of  o>r!puterr>  l)y  students  and  faculty  t^vnn  thoug}i  tfiere  i^;  t  i  mo 
iv.M  I  li  q  f    on  their  computers.     ^'onsequently ,   st?n<?  college  and  university 
C'  iijMin-rii  ru/A  availa]:>le  for  educritional  and  unspoi^sored  research  use  are 
-^'a/iqir;;  I'll*^  tor  major  (portions  of  the  operating  week. 

^^^^'^  t^^''  prri:?ont  DOp-nSF  agreement  be  ext(^nded  to  other 
r  >'.'"rnr::en t  ariencioo  and  private  sur)|:orte r and  include  both  capital  and 
v-:r.Ci'V7  ooot.  cirant.>.     Additional  Fedeial  funds  should  be  made  available 
:    :  ed.ate]v  for  support  of  comiDuting  service  used  for  education  and  uns;>on~ 
•  ■r:r'^\   rp:v^arca  activiti<:v^  at   institutions  oresontly  having  the  rern.u.red 

liiid  tuat  ar\y  ext^ansion  of  the  educational  use  of  consMiting  der^/nds 
:r  ivilv  un   ;ncroased  knowledge  of  comi>uting  by  faculty  m  most  discif)!  i  nes . 
.   ;  -a  knovq.  ]      -KJually  can  be  ^jrovicicd    by  intensive  2  to  6  week  periods 

faciiltv  .-ducat  ion.     The  extensive  activity  of  the  qational  Science  Foun- 
d.Lt:.on  in  sr:onsoring  sur:imer  institutes  provides  a  useful  model. 

'illL.lS}:SlI^:2I}^  expander  faculty  training  program  to'provide  aderruate 

f  i  uUv  -onoetence  m  the  use  r;f  comcuting  in  various  disciplines. 

nierc  is  a  great  need   for  specialists  trained  in  the  computer  sciences 
at  the  riAChelor's,  master's,  and  doctorate  level.     The  wliolc    success  of 
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i Ml!       work        i   r-  'S^a  i  'h  . 

i- ;:'^^**v't  r.: -i ,   and  odtPvatinM    i  n  c.:r;.:i;-i  i  |  » r    : •  i  o ;  ir(ai  . 

'  .  I \K}  t    of  ' 'o!;-;- •  at  i  ri  j    is  a  con  t  i : ;  n  ]  rv  f  i^xi   -n^'^o    liro^  li'^jiit  oi  watcM  , 

r:itru'r   MMii  a  r:a:>ital    i  liV^^s  tmoiit ,  the  initial  c-o^^t  of         Idiiiqs . 

__rv'>:0'^'ii'^':Mui  that  trie  i "e^verninoiit    .i^jencios  v/hich  s\ippoi't  comontiiKj 
a1  lc:',v  th.;  schools   to  V>e   free  to  apely   the  funds  oitlior  to  the  ]3urchase  or 
r».'nt;tl.  cd   Cvoiipraeiit  and  the  sur?oort  of  staff,  or  to  th(!  purchase  of  ser- 
.1  Ck:  , 

V.      di'.'  ■■  ^t?t  ^  i-iun        'h.m  I  so   for  orovidioj   <  -ora^^ute^  a  will   differ   Iron  c-arLpu- : 
t*  '  0--1 -;:■•}■•■ ,     n ••.■•!>.'•■■♦  v«  •'  r ,    Hi  •.■'■\nv      ises   i  ^    oct^^aro  ecr-.aomi  ca  I.  and  ci'f  r*ct:iv»> 
sa'oiy  atifoaair'  and  J' iv:ir  d      srovo'*     froo,  laro''   r'onputinq  ^/entf^rs. 

■'■^  ^  jS:.^^ >s'o^aa    rliat.   «  ,m  .;  7c    'o  I  o ■   aad  M:^  a  1 1:  -  n  t    C'\pr,)i  hj  ra  I  c'    !  t>>.- 

o-iocOi  ea  r  a;d  1  shii' aa     a    lata-'  i;-iit.ra:    r- ia'.Mt  i  oaa  1    ^:'-nputind    f  ^isa  I  i  t  j'-: 

■  'a'--ald---  'vt  :-,^wir,a   :^.e'V'M'a]    i  rv"  t  i  t      lorv- . 

^-ooaa^-'  o      i  r ;  ■ aif>  .i  ;  ■  f ' ;  a .  o^)vo- v>a»;v-Ta     aid  oar/v^ra:--/   .  r. 'Cf  jua  to  rko   oraol  '  ■ -f  -  a 
■fi'^  o>t-al.    v.ar;..-.^-/  .a'  a- ■:'ar^a- vj<a;:'aM:!^   .o         ra  ,    ,-,a   t  ar-  r.>ao  aa  .--ad  o  I 
r>itar"^'  -'.a    ^a.  >;--'^^  a- o-   a-w^,   a'a^i-.'  lai )  Vi  a-:o  t  ;  ^a  h^iv^  had  ri  i  i  ^  i      1 1        \u  d-.- 1'- r::oat  ■ 
=  r  ^'    ^od  ■■^O'a  r  rrd  ]  ior;   th-.or  --o:-':  ;;aa.a-  ^o-O-;.      djOrfacd  d^-- aa-o.raja  r*aaniir:a 
^     -aiiia  1  ■  a"L  aafl/^:'r  haaavdaaa:   for  aarroa*    ^  ■;.crat...o  ira-  rajtaL'7,.  a-'  :-Mdc  wit.hoat. 
1  -carvia.a  aoai    lai  format  i.  on ,      arrora  aafb:  .3t   thr;  ataaf:'  r;an  cailv   Uoid  to 

ri.V'^raioa  .a^ri  dissioatioa  of  vm.iViao;ity   re:a:>urces  aeodod  for  cither  edu- 
-  -.a.  1  i.ai  si    fiura -.osv-^:; . 

■''J -li'av 'il     '-i-f  aa  i  \^  aan  t  i       oad  colh/^:*a:   dr-V'doo  aa^i  aso  ac-ourd- 
o-.o  ; o  - "a.lar^-:-^  vdai  -:  ;^-'   aor-aratidy  ;'-a.a.aH-c   r:a.>  c-^  o.d.    ara:i  a   .i  la  za td. on  o\'  (join- 
"      lo-    -a-\M--;ea.      //i  t  n   sa^.r:    iaif'aaiat  oai   Mi*-'   a  i  1  ^  Kj.it.  l  ca  n  ?'  r-or-ir-uter   fd.rvt--  tea" 
's   -.a-ia   ' -da' -o .a  ai  .aaJ  ajitaa:   a  aai  «a.'   a:a-,o(::  c  i  tcr.i  coaffs   ahould  or- 

■  a  ^  '-a  1  I  :ao      and  ;->:'aaarai  a  c  :.^r:a,-. 

^^■■-■•^  i  a^a-  'ioa^-t  i 'Ca  ;  ^  -  rc  ^a;;  a  la  la;  :at-:  ar-.  ■ ::d.a  1.7  ^:daaatiOn  is  rlca.  lasa  d  0 
■loa  cr-ovavi,  ^-^  'avac!:  i.  -  -aaaaa:  jrw^at,  t  1^.^  p,.at-.  a'lya  \or  1  at  rr-duc  i  u'j  cor— 
'■■at:a-.;    aad  v;.-      aa.;  :aa.   a:d«r   \J>   ■a)aa  i  ia*-a:'  t^:  J  a  ad'^a  aa  la  ■  1  y  in   tiia   tine  a'/ail- 


dai.aat-  ti; 


to  S(,Ha-^!idarv  ac:i<:a->i..-.    f r^:. 


f  -:daaat  yn  atly  ra7  aid  1 

^  a'    •      f  ( >'nr  ^a  t  c'  ra    1  r;  soaoa- 
-  ■  ■o: :      a.  a  v>\  * '  a. ad.  'a-a  '  a'  i  <a:ii 
r  a  r  a  1 1 1  -  > : ; ,    :i  j ;  d  s  a  j  ^  t  i  '  ■  \  \  a  rd  y 
ad  vca's  Jd.v  centers  ,    slioul  d 


o  a  -  ■:ia'  -  1 . 


a  { t  J 


a": a  t 


aM 


ai  h-v.d 


ij  I    o  a  i  {  I 


<  h:'>'o     t  • 
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Wo  rero;n;nerKl  that,  Mic  Federal  '.'^vei-Mmen L  :.ollecl   meaningful  <U~itt  cow- 
>■<  :tiir)^r  confjuton^  .irid  t\\c  jobs,   [;orsonnol,   and  c?ducational  faciltios 
V:  ,o..  i,niHl  wiiii  tlu'i'i,   ai\d  endo'ivor  Vo  rviko  useful  annual  forocastb. 
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:ui.         t:r^-'   I  •)'.':: -7 i:;riool  yojr  a  siifvc^y  v/cu;   t:<iknw  in  tho  Portland 
*;r^V'!]  **.an  dvou  lo  a-;  ■    rt.u  ii  11^  tc^chor  explication  level  of   the  .  v>rMrt  --r 
i  t^":-      ../../--rriinat  OL"';  of   i ; ;  ►.^  Ml/t'CCM  cO'P.;'i<'r  t  i.U'ii  ;n"o  joct .     Th  i  s  con:-JOrt  iu;-:  ha> 

rvo  ;"^--v/lt"M..'--"  jckai.i  ,:00o  st„>Mos  cor;nutor:-  to  ^Uir-oly  t..iu?  three  county 

1  a.;  ,       1  tncn-uih ,   aj ']  Washington)   ;'■;<■  I.  ror^o  1  i.  r  afi  'U'oa  lii'ih  ^ielioo]:;  v/fMi 

^;^     -^vr:  ■ 't    :":.iMnoe:'.      TiUs  :-arvi'>y  war;  irondin'trHl   ii>  pt'<>\'iiQ  daUi         \ f):-- 

•■■aLfV     v:'].i:.t.jr;^.'nt.  o  {'   }  ao  ^  J  .*aon  ;!athr^:']al  i        j->]fU'.M.  ion  ^ '^'ancJ  1    I'^KllC)  .  'i'la- 

■  o  I  ii '"..a :  a    ,  :i    t   ';ui''i^ary  of   t  he   18  re;ux>ncl';'nts  aru^vcrs. 


'n--ater  c 


have  \'i)\x  tauai)  t 


-a 'a':  r     .  ■  i ■■-nco  -ar  T  rit  rc.j-,iU':MaLoii  t.o  (■;i:jin^:\it<„^ rs 
a->:-:  iter  ' Vj t!iv:':na t i or  Problom  :-;tIvina 
t\"?--'t)at' a;  into^jraterl  into  r^-^gular  math 
:  ■^.>:;\!a:t  er  }^y(yn'aru-^.i  na 

'e-'    I      t*^..i^aa*a'a   re^'^  :'Ond  i    :   t.^'^   r.lii:-;  aaea^  M-a,        t.'iar^ii      ,   r,  iHaU'U 
'S   thL^■  yo.'jr,      a  'n  teacii  onf-^  m-  rH>r*  '  ar-at  a /a:,  of  one  rla'a;. 
:i  -a  r::are   taan  one  clasa. 

a  I    Ve.iCMa.ar  a'-rkshe;-^:-.  havv-  -.'^^ya  t.'iaarit? 


a.  a<  r'v;'   la  ^ 

*  aa'-jii  t   ;-iOr^"'        a,  «.jn. '  a\.^  la;  :i  i^.>;  > 

:■• =a  taa'ih  t  ,       va..-r.  -  '-.f  ::'r>r.vi  j-.y  a:M^-3 
^   L  v-ar  -  i«aa;  havi>  taaaiit  ni;)-/  diaMa^ 
atrer:aj  by  other   ma   i  r.  a  m  ca'ja  . 


:  . a !■  I  a   r)y  <:■'  >!Jir;aai  i  t  y 
Ml- a.- vice  and  tw-.  h.e/« 


a  at'!V^.a  ! 


ir  r  1  ca.]  1  a  r  in-j  tr;  r  a^  i  i ; 


-es^.  '  a'-v.,a  er-  'a  j-auv  aa^  i 


■y-aa,  ,aily  tv^a  t*;'aaara"::^  havr-^  dcvelc:jr^d  aator 
::a..a-r  rh^m  llieir  oaai . 

-aj ter- re  1  ated    i'-'bs  ;>a-:do.:;  ttaichina? 


,  ■.;c^:.:;a.iter  r^ .  1  .jt 
a-n    (  J  veara  )  , 


:'raa: 


wnica  af 
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A,     VAiut  cjas.sos  should  lo  offered  teachers? 


Class 

I  .     < 'or. out  or  cla^>s  toaehiiiq  methods 

Integration  of  computer  into  regular  curriculvjn 
^ .  inni  nq  P  r  oq  raruru  ng 

I.     ]  nl eiinovUa to   )r   id%^ancod  orograru^ing 


No.  rcquorilir.g 
3 
9 
-1 
3 


J.     V*')iat  computer  science  is  about,  effects  of  computer 

on  society,  conputer  literacy 
i^.      toneral  data  processing 
7.     AsserroDler  language 
H.     Colorado  Project  type 


3 

1 
1 

2 


What  cira ipment  do  you  have  access  to? 

No.  of  'L'':^rminal:3  No.  of  responses 

')  1 

I  5 

(Usually  1  off-l  on  line)  10 

More  than  2  2 


'erccnt  of  time  equipment  is  fully  used 


No,  of  responses 


iOO 
7S-100 

25-50 


lo:is  than 


6 
2 
5 
3 
2 


pen;:le    ill  have  access  to  Multnomah  County's  HP  except  for  the 
rersoii  with  no  terminal.     Four  also  use  prcgrairuTiable  calculators. 


What  la:v:ujt:;es  can  you  use? 

! anguaqe  Wo,  of  resoonses 


an  (II  or  IV) 


Asse:v>ler  :.r     a  chine  language 
of  oor-i  tvpe 


IB 
1 


r*o,   ot   languages  r'^nc^wr. 

'  nly  1 
''novirv;  2 

^'^  \       roro  than  2 


:,o.  ot  responses 

3 
10 

5 


riasses  have  ^'ou  taken^ 


'  t      i. as  s • 


rosoonses 
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5 
12 


^   ^ t  ■  t 

■  'tAn-l 

All  v;iii:  wim  <  ■    in    i  i; : ;  t.  i  M ;  i     -   alo    i  r*  t  <      I'lOtu^  i.\rOui)  .ihr^v;... 

Alj   hut.:  <'>nn  ^oa<f)>^r  !KlV^^  ha'/hrlor:;  il^irr^Ky    lu  /na  IhcrM  t  i  c: :  of  wliicJi 
n3irtf''-[5  1.  <.:'C0 1  vocl  lhcv\  tvov.i  an    ■rr-qon  Ss:hr;al, 

:'ri  i. !  t. - f  v>achi:rs  have  oanied  a  nastavrn  cir'Oi",''   in  r-ialh  or  math  cd,  of 
v:]  i      i   r.^'ii   }-.M;oivo.i  th«*  >  i>  ivanci:*'!  doqrt:^^'^   l>'-:^  ai\  ■  a'^^  jOn  school, 

;a'j  .i:laM.:i-a,    Uvo  of  Liio   to^.^chui'^'  have  advaiM:„>:vi  doariioJi         disci  p  H  kcj  s 
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(ntrl.y,   •^■ij.jr'h'S  A.,    -'^  -  rt )  t  V,  i  f  i ,    Arthur   L.  ,    :uui  Uoui'i'V'hko ,  "\\inia 

Amor-jc.in  I Tu^t.  L tut(^s  l.'or  PO'Wiarch;  Oct:ol.)or  1970;   1^)3  )> 

A        1  survey  <ji  2  3,i)33  jnibl  Lc  st^coxuiary  tJchooIs  in  the  continonlal 
Jimtofi  States  was  cjoiuiuctcd  durincj  l".hn  pt^rlod  January  to  3un<^  of  1970  no 
:}rij!u:-r  mforn.i t ion  r<^qardinq  primarily,    instructional  use  of  corriputcrs. 
I:,  adaition,    interviews  were  conducteii  at  90  selected  schools  throughout 
tlu»  country;   including  six  in  Oregon. 

Tho  study  concluded  that  the  use  of  cc;j;ipu te rs ;   especially  in  instruc- 
tion  m  secondary  schools,   has  grown  rapidly;     However,   the  diversity  of  use 
iii  Jtill  limited.     1'iie  most  prevalent  aj^p locations  are  p rob  1  era  solving  and 
KD!    skills.     This  is  a  bit  mislcadin^j  in  tliat  teaching  corriputer  program- 
mi  Jig  i:^  conr.Ldorcd  an  KW  skills  tralninu  course;   even  though  the  course  is 
i;ot    inten.dod  to  produce  production  programmers  and  is     intended  to  be  r)'irt 
of  a  Vf'cational  program.     The  major  emj^hasis  of  computer  application  is  on 
tea!;h  iii-'j  students  to  use  a  comput'-^r  as  a  tool  of  learning  more  about  the 
;,ubiec?:   .irea  in  which  tiie  computer  is  being  applied.     Most  instructional  at)>- 
P'l  1  .:at  1  on-^  occur  in  the  mathematics  courses.     I/Ocal  sources  provide  the 
majority  of  funds  for  instructional  computer  use*     Plans   for  future  use 
generally  call  for  expansion  of  present  applications. 


ERIC 


[h  i  r  r ,  ■  ; . 

;  ^  1  f'' ■  ■  1    ?     ;      '  ^.  ;'''pu  ^  i  :  ;   f^u■Miti^-;    i  fi    insl.  Uut  ivn:.  c.  t'   ni^;:iu;'r  iMuc:^- 
i  rh rouqiioiit^         th  r'u'U'VivM 

irt^parfd   [\\  ':':)n  j  iinv/l  i  on  t.lu'  ATi!iiia{    :ici;inKir   h-r  lM:f-'^ors  of  ArMdcrii^' 

'<  >:a;  »u  I  'TV  i  ( -o:; ,    Univ-'isity  r>r  (  \  >  1 1  mm<  icj) ,    ]<}  I'l/ ] 

■•:.):'ir)Ul  itr;   faci  1  L  tii.'i;    in  liorth  Amoricaii  hiqlu^r  rdiirrit  i  on  . 

Pv'  v>  of  roiitrol--Statrs    l.ocal,   ^'Odoral,    !  nfloi^ondont. 
r  r  - 1 '  •  M  r  V  . '  e  r  V  i  c  e  r  u  n  o   1  o  n  -  -  T  m  s  t  r  u  c  I  i  ^  ^  n  ,       soar  c  ;1  x ,   Acl:  n  i  n  i  s  t.  r  ri  t  i  o  n 
'[Vr-.?  ot    I/O  :sorvi.ce--l;Ocal  Batch,    f-vnoto  fK"it:(:h,   'Vi'^v,  Share* 
i"ni>^  1  Invent 

;  ■  1  -  .  ^-  i  t.  ?;t.  1  on  !mk1'  re  t 

Tyoi'  and  rnc^clol  of  ('ORU'Utor 
a:,  -n  r  v;it:\   th*"   i-':>jn-cc :t:i vo   t  itle,    addross  .mkI  i^ho;;-  linnih-rii. 
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1       ) I <^    ' ' rn; H it_i ! \ q        \ or  I-.d 1 1 'j a t  j  oil  IJjosrKX' t for  t,ho_  Future 

Study  an   i'eloprocca:* inq  Networks  in  Hiqhor  Education 
vy?l,   102  p 

'I'hv  },'olIowin<T  is  ,i  sumn^ary  of  the  answers  to  t}\e  tlu'oe  q\;estions  which 
for:-].  .1  tilt'  '-riqinal  basi:j  for  this  study;   as  well  as  a  list  of  the  important 

^   iv\i\ion,\l  edacational  t  c  1  op  roc  n  s  i  n  g  n  o  t  wo  r  k  evolvi  ng  hiy 

■io.     r;ot   if  a  national  network  is  dc^fined  to  be  the  connecting  of  the 
iiorit.y  ol"  iri.-a  i  tut Xi)ns  of  hiqhei-  education  on  a  mnqlo  network  usiny  a 
c\)':\:^i_)}\  utility.     Th'^re  are  app  rox  i  rnatel  y  2b  small  disconnected  regional  net- 
v..ak:..     Thcr'^   i '/"ry  little  incentive  for  them  to  connect  together.  The 
tatur<«  wi]l  Vjrinj  more  of  those  r^nall   local  networks  into  being.     To  de~ 
V"1om  a  larar.  natiojuil  network  will   require  a  great  deal  of  government  r-^tirnu- 
lat,  ion. 

■  - L^JIl" IL  ^ _\ t  iona,  1  /yducat  ioru^  1  t e_l_e procr'Ssing  network  worthwhil e  V 

Yes.     rt>)vidirM   it  eraljrases  as  many  as  possible  of  the  1250  institu- 
tfrrt:;  v;hich  presently  do  not  have  computing  facilities. 

LilV  I:."  L "'J \J1    '  ^ "LL J^^^i^  c >  f  f e c  t  of  c o mj j u t e r  h a  r cl wa  re  a ikI  s  o  f  tv/a re  ? 

Hardware  dovoloprnonts  will  have  ver>/  little  effect  on  the  evoliatirm  of 
r.-r.'jtf'  c^nivnit  inq.     The  reason  11:  that  presently  tlie  na jority  of  institu- 
^  li'us  h.sv.^  v.r-v   little,    if   w/ ,  hardv/are  in  thrj   first  place.     Software  will 
t-*-  the'  rvjst  difficult.     Prograns  v;hich  will  serve  a  large  numl^er  of  institu- 
t  ions  v;i  U    take  ti:n(^  to  tji-foare. 

:':     lit.  r- 

J.     'Irvi"  nu:,t  he  a  ^nore  i^q-utahle  distribution  of  com[jUting  services 
i  ri  . ;  I  i]]rr  j-'ducat  ion  . 

,  o  j'Tii.uf  1  n^:  1:;  \  mijII  nart  of  higher  education  (2.5%  to  3%  of  exf^en- 
dii  ir-:^j  u;d  will  ^^volve  with  rrhangin^:  patterns  of  higher  education  and  will 
r;o^:   <:au:^/  any  drastic  changes  in  higher  education. 

The  three  uses  of  cor.puting   in  hiaher  education,   instruction,  re- 
:i'.ir::,,   .tr;^!    i  l:ni  nis  c  ra  t  ion  /  arc  at  different  stages  of  develonnent.  In- 
::t  ru -f  innal  use  is  the  newest  and  could  benefit  the  most  from  networks. 

"i.     ■■:eL~>earc}i  users  v.'ilj   find  use  fror^  networks  providing  government 

■  1  ort   IS  aval  1  ;bl-. 

Adninistrative  use  of  ntitworks  is  unlikely  under  the  present 
sr  r'u  ^t >  of  ]ii':ih(^r  education. 

riotv/orks  centered  around  large,  namly  nublicr   institutions,  will 
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a:-    I  ^n^^ail^^  of   i.nvojviiiy  small    i  i  ;S  I  i  l,u  1 1     i:;    t.n  cu:nputinq. 


flotv;orks  v/ili    idilor   in   tliv'   U^r.  )    run    (S-l.O  yfMr:^)    uiUnss   tliuici   u;  a 
in   Ihc  oX'q.iiM  y.ai  lou'ii     t,  r;  uctui'-^'  ^jI'  iu'j^n^^i"  i  "ilipjc^l  i  on  or  unless  a 
ir.il.,*'  »'ritiLy   is  creaLcd  invo.I  vi.iui  all   ci  C  tlio   i  rn^  1 1  I  ui.  ion^  usinq  thr- 
.  lity. 

■■; .     A  i?;->fo  o<  jM  i  1  ah  1     i'lvMns     f  d  i  s  I  ^  ihutanN   r 't>i 'iiHarn. ;  ;aL  i  ons  costs  niusi 
r-  a  kr-.i  ouJ  . 

■t,     ;5ara  ( "onviiun  i  cat  1  uns    is    l-^!;,  ol    r -of  njula  tis  aclivity   ia  ni\  'I'iua'- 
?.,ar  I  rr  .•lians*^^;  woiiUi  hav(^    littla^  of  r<^ct:  <>n  t,lic  dcvo  ]  o;  snc  nt  oi  nctv;<srf;:, 

11'^-'  'n'c«)t«.^st  potf-'titial    for   r^'^lucinq   the  costa;  of  data  corru-nnn  i  «- 
a^    ii-'S  f)at.sido  tlio  eM:)]nr^^^n  cai'rLf-T. 

11.      'Mttiuuaii   the  nuraKM-r  of  torr\i:rAls  u:.^^^^i         HI-:  will   increase,  t!\o 
/f.M I f  i' 3 V '  o f    t, h ( ■   ta > t a  1  ia viinho r  of  te i  n a  1  s  us *^<\  n a 1 1 onv; i  do  v; i  1 1  d<M; rcas c . 
10    ^  ur:  vaJl  account   for  12,500  of  the  2.5  r.Mllion  terminals  in  the 

itVV  . 

i    .      TK-ifa   i:orunun  lea  t  ions  T.)ro!)lens   in  -'}■:  d' .  ri^''    involve  lireh  si^r-t^d  Ion;? 
■.-ais<^,    '-nit  A  chLtniicl  co^ru^iuiii  cat  ior:iS  :vv-;tj<iis  . 

I  i,      Alt'^nativr  data  <;:oi'j-Lun  i  ca  t  i  inis  ri<./t u'k : ;  i,>esidfS  thi/  c<  >ni'v:);  i 
^1    f    arc  riear'.\'  non-cs<  i  s  l  e]U  . 

'V;:a--    -a:  C"  ..iits  :rl    I'Mdrvrn  [    \.;i,.:wrf     !>,    n.  - 'd-d    ''>^     ""d  it   d'-w---;    rj.  a 

^^  s  '     .    ''.v;   •  ;  (iisaupoar  f  aicc   t.iie   t  ^ -chi  to  I  o^^v    i  s  fa^r  I  » w ^(3 . 

-r-'r-'sl    nsr  ^'Oll-;y  ts )"  r^ns.  >u  rs  .a  i  ns   sn  d  !    <o'r-'i(S  u!:iljsr^ 
a;    ■ .  •    fca:'  MiS  t  ra^/t  i  on    in  all   di.scijd  \n^;'i  ap]^e,~jjs  ■.•f^)  r  )  ect . 
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ilarr^hlon,  John  W. 

^ J ^^^^>to^'y  o Comuu t ^ '-^^ j L:    >  Ui^har  Kducatio n  ,  1969-70 
Southern  Regional  llducation  lioard,  March/  1972, 
Atlanta,   396  p 

This  study,  dono  in  1969-70,   is  the  third  of  throe  studios  done  l^v 
.'oi\3>  W.  iIaiTii:)lcn.     The  fir:^t  was  done        19(vl-(i^^,  and  the  so<'ond  in  ]0f,h-G7. 
-Marr/  tjf  t.}ic:  t.tU)lcs  and  qranhs  conparc^  al  l   thro*^  i^tuditr:-;   to  show  pattoriif. . 
"lu-  ijiVontory  v/as;  orjaJiLzod  by  cou^^a'cor   iir.yld]  lai  ^  nn  r.~it\\or  than  l)y  in.st  ]- 
LulL^-ji.      i'hat    IS,    if  thnro  were  chree  dirfor(!nt   i  ns  ta  1  lat  i  on?;  witlun  oncj 
i  n:U.- 1 1  ut  ion /   tiiree  separate  returns  were  filed  by  that  institution. 

ill e  r*e  t u r n s  of  the  institutions  we r e  :-i t r a t i  f  i e d  by  th re e  major  ch a r ci c - 
toristlcs;  control,  hiqhest  deqrce  offered,   and  enrollment  (based  on  Fall 
]/)G8).     The  breakdov;n  is  shown  helow: 

Control:      1.  Public 

2,  Ptlva'.e 

Highest  Degree  O^^fin'c^d: 

1  .     *\^'  \oc  \  ate 

2  .     Bac  helor '  s 

3 ,  Master ' s 

'I  .  I)octO)\ite 

i'nro  Undent  *. 

J.  Helow  500 

2.  500  -  2,490 

]  .  500  -  9,999 

-1.  10,000  -  19,999 

5.  20,000  -  and  otjovo 

rhv'  survey  covered   four  broad  areas:     cornvniter  :>ysten5j,   expend!  turefi ,  and 
rioirr-  :;  or   riupport,   comnutor  iits ta  1  lations  by  tyT;e  of  usage  and  title  of 
f">ffi^m',   and  computer  sciences  and  related  degree  orograms. 


-evvril   facts  regarding  tiie  types  and  nuirxjers  of  computers  and  cronout- 
in:  syst^jns  w<:       brought  out  by  this  survey. 

1.     There  wore  hy  far  more  IBM  co-puters  than  any  other  type.     IV/A  ac- 
count'jd  for  o3r  of  the  eor.puters  while  the  second  irost  ];opular  manufacturer, 
:         a:counted   for  121.      ':ho  reriaininQ   installations  were  divided  anoiuj 
>c    roxirnate  ly  2  5  different  maiiuf  acturers  » 

ruMic  in'^  tallations   reported  almost  fifty  percent  more  comouters 
tii.j'i  Tii'ivate   i  r,s  ti  tut  ions ,   even  though  the  nurnl)er  of  institutions  was  an- 
p:'.:  ^v|-:,itely  c  rual . 

>,       hr'rr-  v:-js  a  high  r:orrelation  /between  tlie  enrollment  of  the  inst;i- 
tu?:ion-i  and  nrruber  cf   institutions  having  computing  facilities.  This 

sar.e  h :  ?h  correlation  existed  between  types  of  degrees  granted  and  conout- 
■-'^'iilirAr^  avail.Ti:>le,     rnat  is,   tho.  higher  the  degree  granted  (associate, 

ERIC 


:  1  t 


-n-^V  s-u^v/i'l    ^'   ,   and   Lite   r)M')-7f)  :-;iiow.Mj  'riu:-    .iV'Vnh  v/as  nor  Mri-ar. 


^^^hi-    'iu:ar=rr  m''   .a:  u- i<     m-  r]i/*   :,r-t..  Tm-.T'  acci^as   to  a   co^nput'a'  Uf' 


'i'lT-   ^  r.,M.  i:>    1  iiai<-al.-.i  ]-v   this  s 


't  ]  nil  v;(>:-(' 


i,     '^'ia-   .:>y'7   i  Msta  tut  i  oris  raia^'Mid  i  rif   rafjorMd  srw-.-'Urr?  i>ulli'ai  on 

a.>M^"t    j-M[.t»r>(l  act  1  vt  1  L k,'-; ,      Tha  ar,>urco  oi"   thi:-i  :aon(^y  was: 

I.      tia^    !  :nit  1  t^ution--.:  3       rnilli<-i  -  7n% 
a,      all    r-alaral  support,  -   $7')  ini.  1  1  i  on  -  17. 
oth^a:  -   oG2  iniTlicai   -  1'3'^ 

''h':'   .V'v>ijnt  of  r^'aa       raiait  t'/  oa!'!li<:^    i  n;a  ilulioiu^  waa  ovi^t    f  wo 
■■':yy>   tia-  arv.ai',t   a:aait  \v:  La/ivat.,.   i  ta>  t  i  to  t  i  oia  ^ . 


Ph-  -'Un  'a^  aM  ^.:v^':a:  'U"  an  tan!  ■  i  ^  ;sor;i  i  t  <  - ,  P.  r: -la  ■  P  a  '  a  ,  rjr  n^aofa*  , 
"V'-^Vi   t,.hoaah   th^'    !;!";tMa»  ijar.   aj-in^iaa:  ao.  a.';;.a  -  j  t- ♦  >  d-vp'^aa  a<v-»aaar 


a 


aiTi' '-»:*  i  •  jhi  t  o  '  t   in*'    t<Onl    naiit)Oi    '  d"    inii^  t  l  t  a  I  i  ora> . 


■:    t:i<:'   tA'tal   o:-a  Old  1  r.^j  rt  - ; ,  a:   a'- >x  i  v^f  1 1  -  d  y    iO  ■  fra    ors  'MiUrf. 

■  *  ^        a....':,  a  I    a,>'a    j2  \  ;aa:    rV'a'  r<^a*Nuadi,   and    PP^  '"of  adn  i  n  i  a  ^  ratda/"  aa*:. 

'   r's'^a;rdraT  •1'^   v/  a;  <:at^:^a->  r i  zad         n  n.iai  j  1  1  a  rvou:- , 

^■v   a.anp  •  a ;  t  lo'ia  ta  ol   f.cdal.  oa  ".oa:!  1 1.  ataa..   for  r.'uaa  of   tlv:   fi^;(.;al  yaar!; 
1  ia rda"  )aaa   ]d)'P-;,    .a;d   tittma  th>.i  ^lota         savorai   different  rnodelr^, 
-      :a  P  ro?:  ^,;f  tiio  r;urva  of  h-a.t   fit  tnrnad  (a.jr   r.o         line^ir   ( Y==- S'3 ,  PX )  . 
la    PI  I-].:  -:;hov;a  ast  mated  ox' ..^.avi  i  ta  roo  tlua^oah  \'}UCk 


ilia 


ypa  cjI   ijsa  a;'  and  'id  tie  oC  a*  fiecr  to  VaK^n  Hoad  of 


^  va^ta  V.  I  ^^t  ^  a^as  r-pjort^io  t.a...^  aa^vn    ot    tai-  cr^r^putcr  vajs  avraad 
]  *    to  ^ -  a- it/'  :or  i  <'S  — adr^  i  ai  s  tra  t  j  vr> ,    taaoMrch    in  a   ma  tract  i  on  .     \  a" 
' -'O^a  . ■  a '--r   i  no ta  1  ]  a     on n   rantaond  i  n^i  ,    7'"n  ra:^ortavi  th  is   tvpo  of  usaao- 


■xt   \  uroroP:..   0'H.»  'Cro? ' 


ao.di  and  inatru. 


'  ain  :  a:  -  ' ,  vo  t. :~  no  a  p-ai.  a :  o^:r:i: 
sr'-O  ri- ;   \.  h  i  s      i:a?         osoa-  . 


nso.      i];*-^)a;  v;are  2'^2    i  n^^ t a  1 1  ations  re- 


a"  ■  ■  a  ■.  '  oa-;-- 


1 1 < 'o  ^■■:-^"'''T r*'a.^  • ' rv;a rori:; 


'■■'a-a         td:-'    ]a-irr>r:-iata.on   i:,  this  ;irf--:,i   la   oorioari-:ed   m  fi-njre  V-1  .  l-y 
■   fa-    viipaa-'a  .  atinati  a,   bv  acad-ania  year  ld7d-75,    tlic    institutes  of 
a    *'  ia"a*;a^  a  vill   ia:-  or  >dicMV7  500  Poctorjtes,   3500  Master's,  BOQO 
daa-'a,    and  ]''^00)  Assra-iat^-^  deoroes. 
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FIGURE  V-1 
Hef^roes  Awarded  in  Conputcr  Sciences, 
Data  Processing,   Information  Sciences,  etc. 
(Es  tirnates) 
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Qu  i  s  t  or f  r  ,   K  i  rk 

Results  of  the  K:i  sli  i  [^gt  on  Hiyh  Si*liool_  CcMiiput  or  Pjoti,  raiiim  i  n Sur- 
T  lul  i  J  no  1  a  ,       sh  i  n  t',  ton     i)S3'l  J 


This  siirvey  was  coiuliictod  anion all  of  tlie  hijiji  schools 
in  th.^  state  of  Kas i  :n:  t  o/i  cliinne  >'ay  1!^".!.  T)i-ro  was  a  f^'^^*: 
i  c"  t  iM'ii  nn   I  \\r  i\uc  s  t  i  oniia  i  ro  . 

The   foilowiaj:   i  n  i'o  rria  I  i  on  concerns   t  !u'   leaching  of  coi^nvn- 
l".r  p  r'o^u  rn  niM  I  fig  and  \hv  ar  r  ajigeiiienl  s  nccessar;/  to  [irovide  t    i  s 
ac  t  i  V  i  t  \' . 

IP. 8  '   of  the  schools  of i*er  conjniter  programming  and  c  f 
til  esc  5  6,  r>'   use  a   sch.ool   district   computer,    \7  A%  use  a  college 
Cf)inpuier  and   K .  1 use-  a  classroom  computer.     ^!a  i  1   or   local   dc - 
liv^erv  carr\'  77.       of  the  programs  to  tl:e  computer.     Turn  around 
time   is  one  da)'  or  less   for   SKj'^.  of  tlie  schools,   2  to  ?i  days 
for  3(L3'  of  ti)e  scJiools  and  4  to  5  dav'S   for   18.1^  of  the  scIm)oI 

Ti.r  juMiicij^al   languages  were  FORTRAN  and   l^ASIC.      10.8'.  of 
tho   sch(M:>b;   leach  FORTRAN  and   30.4'.   tcacli  I^ASIC. 

xryf'iuic.h  rnachines  are  used   hy  nvcr  iia  1  f  of  the  schools 
ivacfiing  p  ro  gi'amm  i  n  g  .      26.0"^.  have   no  Vrvnmich  machine  wfi  i  1 
^.'.l  -   o  i"    ;chnc)ls  liave  one,   ant!   S  .       have  tv/o. 

of  the  sc'nools  hax^e  less  tlian  ?>0  students  involved  i 
^:<'i'r-.:i  [  I"  p  rog  ran:n  i  ng  .  Tho  se  ]^  rc»g  ra  mm  i  ng  courses  a  rc^  ri  va  i  la  h  1  e 
tn  gr;id-s  [^A  2   (         ,   grades   ]  0 -\ 2   (^^'  ),   and  grades   11-12   f  77V) 

ihr'  most   coi,;i,ionly  used  computers  were  manufaclured  IB^I. 
.>7^    of  ta<'  schools  use   li^^^  and   the  model   300  v.'a  s  the  most  fre- 
^"MK.  n  t  1  y    le.i  i  1  ah  1  <:  . 

Two  o     the   earliest:     courses  v/ere   started    in   IPf^I.  Dur'n,', 
o,    liu-re  was       sigi.ificant    increase   in   the  number  of  co\irses. 


This   '^urvcy   h;  c  dik*  o  r  lunl  \;i;Ti  t       Mititiutrs  oi'  tin-  v.ciw.m' 
:\\    tni^'lic  rol^'^'J  hii:^,  co!'i|)\ii  ors  .      It  v;as  coiuliu-lrJ  ^^y  \^:\cv\\n\,r 
nn    WOl   adults    IS   yi\iv>  of  age  aiu!  olehM".      l^cs  p)n(lt*nt  :^  v,crc 
'v-v.t{.Ji  at    raii<Kv;\  and  roiM^^scnt   a  ai'o>s   srctloa  o  \'  adult  ronala- 
{\oi:   i      the   ihuled  States.     Hata  \:as  jiatliercd  Jurini^  July  a-icl 
Au^Uist  ,1071. 

Sli'lMAin" 

Tills    sni'vey  considers  <iuestivjns  cm"  ;      ioi)    i  a\' o  1  voiiiiMi  1 
v<">::nni' ,    nrohii^fis   ju-uplc  liavu'  Isad  k  i  1  li    ihv  e  niii])!)  1  <:  r  ,  onipiil 
and   tdo  «."on:.urio  r  ,   computers    in  husiiicss>   eonM>utcM's    w)  jMU'err.i'./Kt  , 
eo:nputc:i's  aiul   [*rivac>',  eompntcrs  and   tlie  quality     f   life,  and 
[  :\e  e a  rec  r  o  pj^o  r  t  u n  i  t  i  e s    i  a  eoinnu  {^r  . 

Aprs'e  X  i  Ilia  t  e  1  }'    i:^'    of  tliose   sur\'eyrd   el;MfihH!   \\\cy   ^\;\vc  '-lu^. 
n  re^iu  iriag  direet   or    Indirec"'    eonlaet    w  i  t  ii  a  euinpute)'. 

Aluait    'T's;,  o  t"   ti".o:.e   sijrve\'eii   I'viioi^tcd   tiiat    lliep  liave  ne\'<'i 
!;ad  r-roiurin,    in   ^t^ttijig  a   eoinjUit  e  r  i  an!   hjll    corToet^ul.     -M'  thosr 
'.•;li£i   rc'i^e-rtca!   r  rolOeniSj   most    olaiii'\l   n(M\''^  >!uvj  1   vairkiiii^  u  i  t  !i   t  li  ^ 
e^^nputer,    ratiu-r   that:   the  conputei'    i  f  sr  1  f  . 

th^  t    ;1^at    eonuniters      j  1  1    piani  !l    many  Vi^idi^  ^' 
.;attor;  aad   :■ ''rx^  i  e  e     to  a;-,    ia  our   Immho^:    '  r-'    W' ]  \   cciripult-rv    a  rr 
i '  ■  ]  p  i  :        ()   t^aise   1  ru^   sJaiuiai'd  o  i'   liviu^:;    ^TS  !    iM/lieve  e  kii      1 1  c  r  ■ 
have  hel.^L'ci    incr(;ase   liie  cjuality  of  ]>roduiMs  aiaJ  scr\'ic'^-^. 

Ai^eas   ',;l;ere   t  hic^  ]ub  \  i  v"    felt    tlu"  u^-e  of  i;  oiipu  t  e  r  s  siuuild 
i  no  revised    iueludc^  fa'^^jM  ng   Irae!.  ^  if  eri;uina!s,   78'';  guidaaei 
)f  ni-siles    foj-  aarioiial    defense,    7];:   \a)te  ecuintiju',  sar- 
'.'v'^llaaec    oi    activist  or  radiea]    grr^ups.    Tui''. ;   iM^ojeclion  ni 
-.i-e-io];   results,    fiO'.;   a  rul  eonipiliag   i 'a  i  o  vria  t  i  on  filers  oa  U.S. 
a  i  I  1  .:e  a  s  ,      0  . 

3^'-    of   tt.osv'  sur\'e\a-d  lulieve  eor:puters   represent   a  i"eai 
tiii'sat    to   iH^oylc's   pr]\"ae)"  \'ery>us   .^4'   who  disagi'eod. 

Apa  ro  X  1  i:;a  t  e  1  \"  0],:   agr^'cnl   that   \ \\v  uses  nf  coi,ii")Ut  e  r  s  are 

a-'feetia\:    ;  he   1  i  \"es  of  all   uf  us.      "   "    fh.*  1  t   eoni]aiters  will  ir- 

prnve  oui'  1  i  ee  >  and  S6"  ai;re(H!  tha:  th(>*  is  i  1  1  create^  tiorc  leisure 
:  I  r-  e  . 


^':\]v    ]..'.'  soi'sniters  eun   t!:ial    for    themselves,   while  3' 

■.\'';a  e<>:'-a':.-rs  of  the   ihitur:'  Jiiglit   dis'sh^y/   the    i  as  t  i^Lie  t  i  ons 
a.  or* !  e   who   run   t heiii . 


u  f^n 


-f   ll^ose   ^>u  )*\"e}'ed  ,   7  f> '   were   in    favor  of  a  youuit  I'orsou 
tiring  tliO  eoinputer   field  as  a  career  versus   ^ \\hc  would  he  op)- 
wo  sed  . 
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1  Lor  ,   Tor  I'V 

('^^•IMri1;R  scii'xcj;  cimRicm.A  siiRvrv 

!M;:vcrsity  oT  Sou  1  hu     t  or  a  f.ouTsKiria,   Spring  1973 

Tims   ^wrvcy  was  corulucted  anioni;  coIU\uos  :iiu]  nnivorsitics 
to  J   1  o  n-ii  .  .(^  0   lul  i  t  i  oil  s   r'latoyi   J.o  the  con\\n\{cr  sciencr  curri- 
vu;u;i.      i  i:v-  ^{iivcy  taken  h\        i  I   and  about  of   llic  \\^'^ 

^;U"  Si  iDHiiairos  \vorc^  in^turiicu:, 

SHMMAHY 

Th  I  s    -Jirvo}   cono  craoil  uiuk  rgradua  to  .   ^^^raduate  and  Tii .  I) . 
prtjyranis   la  0(Mn]>utor  scioacc  along  with  sorvico  orforings  o  1' 
vl  iMKi  r  nnon  !  s    including  availah].-  o<iuipmcnt  and   its  use. 

t h  di'  r g ra diia  I 

'^ist    andc  rgra  dua  1 0  progr;ii!U^  aro  small    (2[]  or   loss  degrees 
^"  rant  od  ]hm'  voart   and  oinydiasi;:o   training   (in  order  of  importar.eo) 
for:     .-.ystoia  analyst,   graduate  programs    in  C.S.,   seicMitii'ie  pro- 
g  r  a  Inline  r  ,   eomiDo  re  i  a  1  /  ^;ys  t  cins  ;>  I'ograu^mcr  ,   0  .  ]^ .   ^^anager  ,   s  eco/ulary 
*eaei;or  n\   f\ S  ,  ,  hardware  ^irsign.     In  iiia  t  lieina  t  i  c  s  ,    tlio  student 
is  exrv»:iod   to   take:     calculus,    liiuvar  allu^gra,  nuinorical  anal- 
>    i  ;■ ,   d  1  f  fe  )-cn  t  i  a  1    oiiuatious,   and  discrete   structures   (over  iny 
'H'  M'liools   ri  sn(^iul  i  ng   iinlicatcnl   thc^st^  rofju  i  red  courses ). 

1  iir   lip.'c  r"  V  radna  t      raa  i^M'    t expected   \o  hf-   nroficient    in    fin  '>y- 
d'-[-  1!  i    I  ;Mp(n' 1  a  nc  e  )    t!n'    fe?)  lowing   languag^^s:      l'ORiRA>^,  machine^ 
nr  as'  -inl<  ly   language  >   COBtM.,   PI,/  I  ,    BASIC,  ALHOK. 

urn  dua  t  o 

^^raduate   (iwistor's)  iM'ograris  are  very  small    ('7?)''  is- 
sa-d   ]c>>   than    if.  degrees    in   t);c   l:)?]-".-    schooj   yoai^),     TIio  oh- 
.'■etivc;    1  i o]\lrr  o  i'    iipMn^tance)   of  iiiastcr's  ]u^ogi'ans  v;ere: 
:;:'.!y.i:     ^  1 1' t '..  :i  r  e  systCiUs,    s\'stein  analyst,    prepare   for  lMi,l).  in 
r,    .  ,   >v'ient  I  Tic   yM'ograiamer ,   collcn^c;  or  J.C.    teacluM",  c('r:mercia] 
_  ri . ra  riiv  r  ,   iia  r d\'.  a  r     s y  s  t  e;as  ,   i) .  P  .   ma  iia  ge'  r  ,    t  oaclu  n g  a  t   sec  on a  vy 
l"Vi'l.     'lliC:-'-  graduates  are   expected   ta^  possess  jn'oricicncy  ii; 
i^mxM.  rdl:      ICRTi'AX,  machijic  or  assomblv   language,   AkGOI.,   IMV !  , 
rn:a:j,  -.yoiaM.,  i^ASIC/MSP, 

' '  '  i  e  r 

ady  considers   ta.    Pi. P.    :i:*a)grams  offorod  at   man}  of 
uj!  i  vor  s  i  t  1  e- .      1 1-  cojipajter  appreciation  co}ir^c<   the  student 
^^^^     Tan^d    In  run   t  va3  cm'  moro  computer  j)rogrruns    i  a  S3?   of  the 
-caool  .-:,     Tiiv  i\c>{   cor);;ion  I  ;.'  used    languages  wore  l-C>!vTRA\  and 

.;..SiC. 

ihe  stu^iy  i.as  concluded  ky  consideration  of  the  a\'aiiahle 
s  y    :  v.. and    ■  h  c  i  r  opera  t  i  oa  . 
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SliCTION  A:     OVtRVIEW  OF  COMPUTERS  IN  RESEARCH 


''Do  cats  eat  bats?"  Alice  wondered  as  she  fell  down  the 
rabbit  hole*     Occasionally  she  asked  "do  bats  eat  cats?";  the 
order  didn't  seeiii  to  matter  much,   as  she  didn^t  know  the  answer 
to  either  question.     This  is  a  sort  of  "cats  eat  bats"  chapter 
in  which  we  discuss  thv  reversible  questions  "does  research  need 
computers"  and  "do  coi^outers  need  research,"    Although  the  ob- 
vious answer  in  both  cases  is  yes,  when  one  probes  for  details 
and  tries  to  see  into  the  future  the  answers  become  fuzzy, 

UOES  RESEARCH  NEED  COMPUTERS? 


And  howl     There  is  scarcely  an  area  of  research  that  has 
not  been  affected  by  computers.     Statistical  analysis  of  data, 
and  mathematical  problem  solving  are  perhaps  the  most  obvious 
areas  in  which  computers  have  had  an  impact.     On-line  interactive 
data  collection  and  process  control,  and  computer  simulation, 
have  become  relatively  standard  research  tools.     In  this  section 
we  will  discuss  each  of  these  application  areas  and  then  make 
a  few  comments  about  the  future. 

Statistics     Suppose  one  adjainisters  a  20  item  questionnaire  to  SO 
people .     The  resulting  data  has  10(  i  pieces  of  information,  A 
few  simple  statistical   computations,   sucli        a  correlation  matrix 
and  an  analysis  of  variance,  would  require   a  full  day's  effort 
by  a  skilled  desk  caicualtor  operator.     The  same  computations 
can  be  coJ^iplcted  m  a  few  seconds  on  a  modern  computer.     If  tlie 
questionnaire  answers  are  coded  into  markscnse  scan  sheets  liand 
labor  in  the  entire  process  is  minimised. 

The  implication  of  this  cAample  is  quite  clear:     if  statis- 
tical tools  are  to  be  used  with  any  reasonably  large  data  set  the 
computer  is  a  virtual  necessity.     Computer  libraries  contain 
paCKaged  programs  which  will  handle  all  of  the  standardly  used 
statistical  tests.     The  researcher  needs  only  to  prepare  the  data 
in  appropriate  machine  readable  fonn  (on  punched  cards  or  on 
marksense  scan  siiects)  and  then  process  the  data  using  a  packaged 
program.     To  do  so  requires  a  little  "computer  literacy"  on  the 
part  of  the  researcher.     This  "literacy"  can  probably  be  acquired 
in  less  time  than  it  would  take  to  perform  one  major  statistical 
analysis  using  a  desk  calculator. 

It  is  worth  raentioning  that  few  classroom  teachers,  especi- 
ally at  the  secondary  school  level  and  below,  make  use  of  standard 
statistics  such  as  mean  and  variance,  or  such  statistical  tools  as 
correlation  and  regression  analysis.     A  major  reason,  of  course, 
is   that  teachers  have  not  had  adequate  training  in  statistics  and 
do  not  appreciate  what  these  tools  could  do  for  them.  Equally 
important,  however,   is  the  difficulty  and  time  involved  in  per- 
forming the  necessary  computations  on  a  desk  calculator. 
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Consider  the  situation  of  a  classroom  equipped  with  a  mark- 
sense  cardrcadcr  terminal  attached  to  a  computer.     Students  put 
their  test  answers  onto  laarksense  cards.     In  a  couple  of  minutes 
the     test  has  been  graded  and  recorded,   the  class  mean  and  vari- 
ance have  been  computed,  a  frequency  distribution  of  scores  is 
printed  out  and  an  item  analysis  has  been  performed  on  the  test 
iiuestions.     from  the  point  of  view  of  Loth  teachers  and  research- 
ers the  potential  for  change  and  improvement  of  techniques  is 
tremendous P     Yet,  this  is  all  possible  using  today's  technology; 
some  schools  already  have  such  computer  facilities,  and  more 
will  be  adding  them  in  the  future. 

Mathematical  Computations    The  researcher  in  the  sciences  often 
finds  nimseif  dealfng  witii  large  masses  of  data,  hugh  algebraic 
syiabol  manipulation  problems,  high  order  systems  of  simultaneous 
fuTictionai  or  differential  equations,  etc.     A  computer  can  aid 
tlie  researcher  in  handling  fjiany  of  tliese  problems. 

As  a  simple  example,  consider  the  data  from  an  uruiianned 
[)robe   to  Mars  or  Venus.     Tens  of  millions  of  bits  of  data  are 
recorded  by  the  instruments  onboard  the  rocket,  and  sent  to 
receiving  stations  on  iiarth.     licrc  the  information  is  stored  on 
magnetic  tape  to  await  analysis.     Adequate  analysis  of  such 
laasses  of  data  would  be  impossible  without  a  computer. 

An  anotiier  examjUe,  suppose  an  astronomer  is  trying  to 
prove  trie  existance  of  a  new  planet  or  comet  by  a  very  careful 
analysis  of  the  orbits  of  tl^e  known  planets.     The  ''mathematicaT' 
orbits  of  the  known  planets  can  be  computed  by  solving  appropri- 
ate systems  of  s  iiaul  taneous  differential  equations,  but  accuracy 
required  in  this  case  can  only  be  achieved  by  use  of  a  computer. 

On  *  1  i_ju)  _Sy^  teiris     Join  us  for  a  trip  through  the  Chemistry  Depart- 
uc'nl  at  the  Uiu  vers  i  t)'  of  Oregon.     We  quickly  pass  by  the  fresh- 
:aar\  lab »  wiicre  students  still  learn  to  bend  glass,  precipitate 
sails,  and  handle  the  basic  laboratory  techniques,  and  enter  the 
research  labs  used  by  the  faculty.     In  these  labs  we  find  hundreds 
of  tiiousands  of  dollars  of  modern  equipment:     a  mass  spectrometer, 
a  ra'otein  X-ray  c rys tai lographic  facility,  a  nuclear  magnetic 
resonajice  spectrometer,  an  ultracentrifuge ,  an  infra-red  spectro- 
photoiueter,  etc.     And ,  we  find  more  than  a  dozen  mini -computers  ! 
Tr\ese  computers  are  connected  into  a  mini -computer  network  which 
allows  them  to  interface  with  the  university's  large  computer 
facility  (a  i'DP-10),  with  the  various  major  pieces  of  laboratory 
equipment,  and  with  each  other.     Such  a  computer  facility  is  not 
extraordinary  in  modern  laboratory  research;  on  the  contrary, 
it  IS  coming  to  be  accepted  as  the  "normal"  laboratory  setup. 

In  a  typical  chemistry  experiment  a  sample  to  be  analyzed  is 
placed  into  an  experimental  apparatus  which  may  cost  several  hun- 
dred thousand  dollars.     This  apparatus  is  then  placed  under  the 
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control  of  an  appropriate  program  and  the  experimenter.  When 
the  equipment  is  functioning  correctly  (the  conputer  can  check 
to  see  that  voltages,  magnetic  fields,  temperatures,  vacuums, 
etc.   are  at  the  aj^propriate  levels)  the  experiment  begins. 
It  may  last  only  a  fraction  of  a  second,  with  thousands  of 
pieces  of  data  being  fed  to  the  computer  memory  in  one  burst  of 
activity.     Or  the  experiment  may  continue  for  several  minutes, 
with  the  researcher  monitoring  the  results  and  instructing^  the 
computer  to  make  changes  in  temperature,  pressure,  etc.  Data 
from  the  experiment  passes  through  the  computer  memory  to  magnetic 
tape,  or  to  the  PDP-10.     (If   lassive  computations  are  needed  to 
allow  the  researcher  to  modify  the  conditions  of  the  experiment 
while  it  is  still  going  on  then  the  PUP-IO  will  be  used,) 

The  computer  has  become  a  fundamental  tool  in  laboratory 
rcsearcli  in  the  sciences.     The  University  of  Oregon  (a  15,500 
student  school)  has  about  two  dozen  mini  -  computers ,   located  in 
its  various  science  departments,  and  is   .dding  more  each  year. 
The  Computer  Science  Department  regularly  offers  courses  in  mini- 
computers.    Similar  course  offerings  are  available  at  Oregon 
State  University  and  at  almost  every  major  university  in  the 
United  States. 

Simulation    A  major  goal  of  research  is  predict  ion— what  will 
happen  un'cfer  a  particular  set  of  conditions?    When  the  situation 
to  be  {jredictcd  is  simple  (what  happens  to  an  object  falling  under 
cojistant  acceleration  in  a  vacuum)  a  simple  predictive  model 
suffices   (d=.5at^).     When  the  situation  is  complex  an  intricate 
model  may  be  needed.     For  example,  what  will  be  the  statcof  our 
nation's  economy  one  year  hence?     Suppose  we  impose  a  10%  sur- 
charge on  federal  taxes  and  ])ut  a  price  freeze  on  all  foodstuffs? 
If  we  had  a  good  simulation  model  of  our  economy  we  could  answer 
such  questions  accurately  and  rapidly.     Of  course,  a  very  fast 
computer  would  be  needed,  and  the  questions  would  have  to  be 
asked  in  a  form  "understandable"  to  the  simulation  model. 

Computer  simulation  models  have  becon»'^  a  standard  tool  in 
economics,  psychology,  sociology,  political  science,  and  of 
course  in  physical  sciences,  business,  government,  and  industry, 
(jeneraily  these  models  are  worked  on  by  teams  of  researchers  over 
a  period  of  years.     The  models  are  repeatedly  tested  and  gradually 
improved.     Improvements  come  from  better  understanding  of  the 
underlying  t/iuory,   increases  in  the  number  of  variables  considered 
in  the  simulations,  and  greater  accuracy  in  the  actual  computations 
(the  latter  two  improvements  requiring  bigger,  faster  computers). 

J'J^Ji}L^JL         extrapolating  current  trends  we  can  gain  some  in- 
siglxt  into  the  future.     For  example,  computerized  data  banks  are 
growmt;  rapidly;   this  will  surely  continue.     To  name  one  specific 
instance,  computer  -  ass  is  ted  medical  ciieckups  are  just  beginning 
to  be  accepted  by  the  public  and  medical  profession.     Ail  of  the 
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data  gathered  in  such  a  checkup  is  in  computer  readable  form, 
Lventuaily  uo  will  have  detailed  ILfelonj;  medical  histories  of 
millions  of  people.     Such  a  databank  will  be  of  immense  value 
to  the  medical  researcher. 

On-line  data  entry,  and  tlius  computer  analysis,  will  be- 
come coBiuion,     To  site  one  exajiiple,  it  won^t  be  too  long  before 
the  grocery  checkout  stand  will  consist  of  a  cojaputer  terminal 
and  a  *Vand"  which  reads  a  code  off  of  each  item  purchased.  In- 
formation on  each  item  sold  (including  date,  time  of  day,  and 
other  items  purchased  by  the  same  person)  will  be  gathered  and 
subjected  to  computer  analysis.     If  the  purchase  is  by  charge 
card  or  check  then  identification  of  the  purchaser  will  be  done 
using  a  computer  information  retrieval  system--and  precise  buying 
habits  of  the  person  will  be  subject  to  computer  analysis.  Such 
is  the  dream  of  the  consumer  product  analyst! 

We  noted  earlier  in  this  section  that  simulation  models  are 
becoming  important  in  economics,  sociology,  psychology,  etc. 
This  tre!\d  will  grow.     The  models  will  get  better  and  better, 
and  tne  possibility  of  a  single  person  being  able  to  create  such 
a  models  or  even  understand  fully  an  existing  model,  will  decrease 
rapidly.     Such  research  will  be  the  province  of  well  funded  teams 
of  specialists . 

In  the  physical  sciences  we  can  expect  computers  to  play 
an  ever  increasing   role.     For  eacli  subject  matter  there  will 
eventually  be  one  very  large  com|:)utcr  center,  serving  as  an 
interactive  information  retrieval  and  problem  solving  facility. 
New  research  results  will  be  deposited  in  the  system.     Teams  of 
researchers  will  develop  programs   to  analyze  the  data  and  solve 
the  problems  arising  in  that  science.     Nationwise  time-shared 
computing  networks  will  be  needed  for  the  use  of  such  facilities. 

In  education  we  can  expect  progress  towards  accountability. 
Databanks  of  student  and  teacher  information  will  grow  rapidly, 
and  methods  of  analysis  will  improve.     We  will  be  able  to  give 
liu,' aning  f  ul  answers   to  the  question  of  what  constitutes  good 
teaching,     A  careful  analysis  of  tlie  progress  of  Mrs.  Doe's 
students  during  the  10  years  after  they  leave  her  class  will 
give  us  good  insight  into  Mrs.  L)oe*s  teaching  skills  (unfortun- 
ately,  10  years  too  late).     Eventually  we  will  have  a  good  under- 
standing of  the  relation  between  things  we  can  readily  measure 
(now  well  John  did  on  the  "standardized  tests'*)   and  long  term 
implications  (John  became  a  successful  company  president).  This 
will  allow  us  to  evaluate  teachers,   and  the  other  tools  of  edu- 
cation, much  ifiorc  effectively.     It  will  provide  a  basis  for 
significant  improvement  in  our  educational  system. 

UO  COMPUTLRS  XiihL)  RHSLARCH? 

Again,  of  course,  in  keeping  with  the  theme  of  this  Handbook 
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this  section  will  focus  on  research  on  computer  education .  While 
those  of  us  in  the  field  of  computer  science  education  are  con- 
vinced of  a  tirowing  need  for  computer  literacy  and  of  tiic  appro- 
priateness of  computer  science  courses  in  the  public  schools, 
this  conviction  is  largely  based  upon  faitli  rather  than  hard  data. 
Let  us  ex|)iore  some  of  the  jnajor  "unknowns"  and  ''unprovens"  with 
which  computer  science  education  must  deal  in  1973. 

Teacinn^  Compute  r  Prog  rammi  ng     Computer  programming  has  become  a 
"staruTara  bourse  Tn  most  col  leges  and  universities,  and  is  now 
relatively  common  in  the  secondary  schools.     More  than  a  million 
students  per  year  take  introductory  programming  courses.  How 
do  people  learn  computer  programming?    Some  students  find  the 
subject  easy  and  interesting,  while  others  find  it  dull  and  dif- 
ficult.    What  are  appropriate  prerequisites  for  an  introductory 
course?    What  are  suitable  goals?    How  rapidly  sliould  a  course 
cover  the  material,  and  to  what  depth?    What  hardware,  software, 
and  textual  materials  are  needed  to  insure  or  assist  student 
learning?     It  is  ironic  that,  given  the  excellent  hardware  now 
available  for  studying  the  learning  process,   the  very  people  who 
know  that  hardware  best  have  not  applied  it  to  the  learning  of 
their  own  trade. 

liven  in  the  introchic tory  computer  programming  course- -the 
course  iaost  often  taught  today,  and  the  one  which  has  been  around 
the  longest- -wc  do  not  find  agreement  as   to  a  suitable  approach 
and/or  suitable  content.     For  example,  one  approach  is  to  cover 
the  syntax  of  a  language  quite  rapidly,  and  require  the  students 
to  memorize  that  syntax.     It  is  found  that  many  students  who 
approach  comj)Uter  programming  via  such  a  course  do  indeed  learn 
to  program,  and  can  write  programs  to  carry  out  the  computations 
needed  for  the  problems  in  business  or  science.     Many  others, 
however,  make  little  worthwhile  progress  in  such  a  course. 

A  second  approach  is  to  teach  computer  oriented  problem 
analysis  and  to  discuss  in  detail  the  entire  process  of  problem 
solving.     The  syntax  of  a  language  is  either  integrated  through- 
out the  course,  or  is  presented  in  the  latter  part  of  the  course 
after  the  ideas  of  computer-oriented  problem  solving  are  well 
entrenched.     This  problem  analysis  approach  to  teaching  computer 
programming  is  receiving  considerable  attention  lately,  but  there 
appears  to  be  no  research  available  to  support  its  claims  of 
superior i  ty , 

One  of  the  "claims"  of  many  computer  programming  instructors 
is  that  the  problem  solving  skills  one  acquires  in  a  computer 
programming  course  carry  over  to  other  fields  of  study.  Similar 
claims  have  been  made  in  the  past  for  geometry,  Greek  and  Latin, 
tvidence  to  support  such  claims  is  lacking;   indeed,  there  is 
some  data  which  tends   :o  indicate  that  the  reverse  is  true--that 
there  is  no  transfer  of  skills  at  all.     Nevertheless,  hope  springs 
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eternal.,.   If  one  could  prove  that  coiaputer  programming  is  a  pood 
veliicle  for  teaching  general  problem  solving  skills  this  would 
provide  a  strouj;  justification  for  the  widespread  proliferation 
of  such  courses . 

Coiiinu^cr  LiJtcracj/     In  several  places  in  this  Handbook  the  idea 
0 T    coTnpurcr  "I  Tteracy''  is  discussed  and  courses  designed  to  teach 
computer  literacy  are  recommended.     The  geiieral  area  of  computer 
literacy  is  another  battleground  on  which  is  being  fought  a 
series  of  data-less  skirmishes.     One  school  of  thought  claims 
that  such  a  course  must  include  computer  programming;  the  other 
school  holds  that  this  is  unnecessary indeed ^  that  it  may  be 
undesirable.     Until  we  have  good  agreement  upon  what  constitutes 
com])uter  literacy  it  will  be  impossible  to  determine  appropriate 
couse  contejit  or  to  demonstrate  that  one  method  of  instruction 
is  superior  to  another.     Related  questions  include:     At  what 
age  or  grade  level  should  computer  literacy  instruction  begin? 
What  teacJiers   (for  example,  math  vs.  social  science)  should  teach 
such  courses?     We  cannot  answer  such  questions  without  a  good 
understanding  of  the  components  of  computer  literacy. 

Vjo  elation  a  1  j\s£^cc_ts     To  many  people  the  field  of  computer  science 
is  strTctTy" vocational ;  one  studies  computers  to  qualify  for  a 
particular  job.     iVhat  skills  are  needed  for  the  various  profes- 
sioiis  in  tiie  coiaputer  field?     With  detailed  answers  to  this  ques- 
tion we  could  determine  the  possible  role  of  vocationally  oriented 
computing  prograjus  in  tlie  secondary  schools.     (The  Sabin  Center, 
in  (i lack.'uuas  County,  Oregon,  offers  such  prograia  to  secondary 
school  students.)     Do  the  private  hUV  schools  do  an  adequate  job? 
How  do  their  programs  coiupare  with  the  two  year  data  processing 
programs  of  comjiiunity  colleges?     What  role  do  tlie  college  and 
university  level  computer  science  courses  play  in  the  overall 
vocational ly  oriented  program? 

An  ijiteresting  sidelight  concerns  the  psychology  of  computer 
p  r-v; i^'i^^-'-Tiing  .     Many  professional  programmers  are  secretive  and 
sensitive  about  their  work,  and  seem  unable  or  unwilling  to 
uocujucnt  their  programs  adequately.     Many  work  well  on  one-m'^T" 
projects,  but   uo  badly  in  team  project  situations.     ConsideraV  le 
woriw  lias  been  done  on  tests  to  measure  the  potential  success  of  a 
student  who  is  thinking  of  entering  the  computing  field.  These 
costs  are  reasonable  accurate  in  predicting  whether  a  student  will 
learn  to  write  computer  programs,  hut  ignore  almost  completely  the 
personality  characteristics  of  the  successful  programmer* 

Tcachinj^  Computer  Science    Who  should  teach  computer  science  courses 
and  wli'at  le^veT^^       training  do  tliey  need?    At  the  university  level 
the  natural  tendency  and  trend  is  to  staff  computer  science  depart- 
meiiCs  by  iiiring  Ph.D.'s  in  computer  science.     This  will  undoubtedly 
continue,  higher  education  being  what  it  is.     But  consider  the 
secondary  school  or  small  college.     The  typical  secondary  school 
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tcJicl^or  of  computer  prograrnnii  ny^  has  had  Joss  tlian  one  year  (:>ay 
luss  than  12  quarter  hours)  of  formal   instruction  in  the  field. 
Moreover,  he  has  luid  little  or  no  work  experience  in  the  field 
outside  of  his  own  classroom  experience.     Cai\  such  a  person  do 
an  effective  instructional  joh?     Wfiat  sort  of  training  and  ex- 
perience is  desirable  for  the  inservice  or  preservicc  teacl^er 
of  computinj^  at  the  secondary  school  level? 

!  1  a^r  d  w ;  i  re  and  So  ft  ware  F  a  c^i^l_  \  t  i_e^    W  hat  h  a  r  d\s'  a  r  e  a  n  d  soft  w  a  r  e 
FacrrTties  are  most  ap^propr latc  for  coni]:)uter  science  instruction? 
A  standard  controversy  has  to  do  witli  batch  processin^i^  vs.  tinie- 
shared  computinj^.     Many  claim  that  tine- shared  computing,   is  far 
superior  as  an  instructional  tool- -but  nood  studies  on  this  are 
lacking;.     And  what  of  the   language  to  he  taught.     Many  arp^ue 
the  merits  of  BAS[C  vs.   TORTRAN  vs.   COBOL,   Ph/I,  etc.  Leaders 
in  the  computer  science  field  now  recomraeiid  new  languaj^es  whicli 
allow  s  t  rue  tured  p  rog  rams  to  be  written,  and  suggest  we  should 
he  teacTimp,  top-down  analysis,   step-wise  refinement,  and  struc- 
tured proKramni  i  ng .     What  languages  are  nost  suitable,   and  what 
is  the  role  of  languap.c  in  learning  liow  to  solve  probleins?  Many 
difficult  but  important  questions  can  be  raised  here. 

Teach  ing  Us  in^^  Co3;\pu  tcr  s     One  chanter  of  t!iis  Handbook  is  de- 
votcd"to  the  area  or~tTie  computer  as  an  aid  to  learn it\s,  and 
another  chapter  is  devoted  to  computer  assisted  instruction. 
In  co!;i])Uter  assisted  learning  the  student  makes  use  of  a  comnu- 
tcr  in  studying  various  subjects.     He  may  use  a  packaged  program 
to  solve  an  equation  arising  in  a  niatli  or  science  course,  or  he 
may  write  his  own  programs  to  solve  such  problems.     What  arc 
the  benefits  of  cojaputcr  assisted  learning?     Does  a  student  learn 
more,  or  better,  or   faster  when  a  computer  is  available  for 
carrying  out  the  computations  whicli  arise  in  a  course?     Is  it 
better  to  h:ivv  the  students  write  their  own  programs  or  use 
packaged  ones?     It  is  claimed  that   if  a  student  can  v;ritc  a  pro- 
gram to  solve  a  particular  type  of  problem  then  he  "really  under- 
stands'' b.ow   to  solve  that   type  of  j)roblen.     Is   this  true?  Is 
ti-ic  better  spent  working  on  a  program  to  solve  a  problem  or  in 
stuiiying   the  problem  area   in  the  traditional  way(s)? 

Unlike  many  areas  of  comjiuters   in  education,   computer  assisted 
instruction  has  been  the  subject  of  considerable  research <  Un- 
fortunately, much  of  the  research  has  focused  on  drill  and  prac- 
tice,  and  even  here  iiany  cjuestions  remain  unanswered.  i^xisting 
literature  does  not  seem  to  provide  answers  to  such  basis  ques- 
tions as   the   followint^:     W)iat  aspects  of  computerized  drill  and 
practice  are  more  conducive  to  student  learning  than  the  standard 
flasji  cards  or  workbook  drill?     liow  do  the  more  sopliis  t  icated 
versions  of  CAI,   such  as  tutorial  programs,  compare  in  effective- 
ness with  conventional  modes  of  instruction?     What  arc  the  actual 
costs  of  producing  good  CAI  materials,  and  what  are  the  necessary 
qualifications  to  produce  good  CAI  materials?     What  are  the  effects 
upon  students  of  receiving  a  significant  proportion  of  t]>cir 
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their  instruction  in  interaction  with  a  machine  ratlier  than  with 
people  and/or  books? 

Conclus  ion     To  date  coiaputers  have  had  relatively  little  impact 
u^poiT'eTrucat  ion  below  tl\e  college  level.     liven  at  the  college 
level  tiie  inpact  has  not  been  as  widespread  as  one  would  ex])ect. 
Many  of  tiie  cjuestions  listed  in  tliis  section  wi  ll  need  to  be 
answered  before  tlie  public  schools  will  be  willing  to  commit 
the  funds  and  personnel  needed  to  allow  computers  to  make  a 
significant   iiapact.     Considerable  retraining  of  college  and  uni- 
versity level  faculty  needs  to  occur  if  students  at  this  level 
are  to  gain  appropriate  insight  into  the  role  of  computers  in 
research  and  education. 
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CliAVTKil  XL  I 

Mi.V;r:  ]  n.ini  rip 

^;ora  l.'t  faror 

Sr.  Clare  Mac fs sac 

iiav  id  M()\irsund 

:"ao  WaWlin-Aa 


'i/ito  qi^f'at  riijorit^v  of    il.    '•Mr:h«'>";i  a:;ti  sd:r)r>]   ail:rri  rust,rat:<>r:i  hav^' 
h-iM  no  f'/rinal    i:  ^  r  cjcIm  v't.  i  ^  ^r.   -  ^  '^oii^i^at.or         r  ^ncf^  a:, a  tlK^   I  lold  '.>f  ' -ormul^^r 
:  *i  fv3;.ic.:it n")n ,     Jom--  ,    ')f  f^urst^-,   havn  vr-ty    lit.t.le  aood  to  knc;w  anviJiifia 
iS^^at    thiM    iM'i  1.      ;m  iv- r' ,    ollKvr  N-ia,  i<aiS   nf    r  r;  i  : ;  IMndhook  havo  : .  r^:- -rd  f -a 
vi   •v-.jn  V  ia:r  •  ia:  ;    ai'i  Ta  ;  r  ]  v    - '> -^'Jor^^luMr;  i  \a  •  c^Vi '7'V  i  fv:  .a    ?au^  carrnnt  a:i?..,  r^aaa.f  i-tl 
tatana^   r^^l--    a'  f       ;ii  Vcm-s   in  ^^dafVit- 1  (a: .     M'a;t:      Vir -arors  ,   ix^th  ^j';.  <HlnrMt,r>ra 
and  -ia    "■'  i'lj.it.cA"   Mit^ilra,    ^■■')Mld  i.-ai"'"i^    rrr^r^         incr^rasr'd  kn(vv]r>da^'  ^'^T  t.!M- 


?:^icii   ::aaiO<^]    d:at:ri.ra    .,'<,;^i]a  a^vr^  m  ovor^i]].  rdan  of  inaorvic^^,  v;v>rk<a;' 
:-uT:-.p.:^r  :>roarari,   '?^.c.   ?;a"^::r3ra:no  avail. iblo  to  thca  r  t'.a.ich"rs  and  adrnmstra- 

^""i:a    t  =;r  :a-:;ii:ace  '■duaatia;  ora..^  of   a  l.ira*'^  nvinoer  of  sunv"-f 

:':t*:*'r     rr;..i  >   that   a;'a::'U]'i  L--   iacladod   iai  :MK:li  a  T>lari.     Horo  tho  riCCcV-  of  a 
-.'■a^>'-)]   diatriat  will   depond  heavily  uoon   the   toarrhors'    and  adn  i  n  i  s  tra  tors  ' 
varava-it   h'fol   of  va^T'^oator  litC'ra''.:y,  cornra.it:  i  na   far:il:tin:>  available  ta* 

*h.'  a  va^  ^'-d  n ,    anri  the  ^"*or.r^u  t*-ir-r'':d  a  tr-d  aO'ila  of  tit^^  diatrict.      It   ia-;  ri'-d. 
■lifi'ir^ilr.         ta  i  n>:  -d'  a  nanj.ar  of  cii  f  for^a.t.   i  nra'a  v  i,  c^:*   traiviirv?  G:>:  aad  a:  r ;  t 
^ERJCi^    -hia-ja.-t:  i-aaiit.,  w.jnr.  to  nako  availai>]ri. 
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or  voiv  high  r.)rlointY  is  computer  literacy  for  school  adminiBt rator:^ 
lUni  iiiqhfM'  l^Vi^l      Iin  i  n  i  s  f  r^i  t  if  >n  .      It    tlu-  distrirt's  IcMriors  know  rK)th)riM 
■  ili'jui    t};«^  f  )  I  ■  1  il  Wu-^u  i\uv  \>o^[^]\>\o  pro<fn':;s  in   i  n- 1  nif :  f.  J  orui  I  r^r  admi  ni  st,r.j- 
t    ve  Wiio  of  f'ornput  «^r:;  \vil1  bo  sLiflcKl-     fli-iptiM^  VI  I  Sfrtion  H  of  this  ihifui- 
iK''.>k  d  1  ^'.cussoiri  work^ht^f^^*.  for  tjfl    nis Li  at f)rs  . 

The  second  priority/  and  t]\e  main  concern  of  this  section  of  the 
lian<lbook,   is  computer  literacy  for  larqe  tuuiibers  of  teachers  at  all  grade 
levels.     One  possible  solution  is  to  provide  yjocxl  inservice  courses 
ca r  r^/  i  ivi  co i  1  ege  c r e d i  t . 

Insorvice  training  in  coiTiputing  in  a  schoo]  district  tends  to  follow 

a  natural  progression  over  a  period  of.  years.     The?  first  such  course  given 
i :  1  a  ■  ] i s t r i c t  is  us u a  1 1  y  -"^ i ? ed  m a i  n  1  y  r i f   tm t f i  and  science  tea c:h e r s  .     Th e 
course  i.s  essentially  an  introductor/  computer  progrrnmn ing  course,  wi  tVi 
:  ;on';c  c  f  i  ts  ex  amp  1  e  s  d  r  aw^n  f  r  ora  s  e  conda  ry    ch^  ^  ol  ma  th  and  s  c  i  enc  e  . 

A  s  o  con  d  i/h  a  -  ^  ■   ■:  s  t  c     f  f  e  r  a  co  u  r  s  e  d  e  s  i  r  p  j  c  d  for  <a  b  r  o  a  ci  e  r ,  j.^  r  i  in  aril  y 
T/'Ti-r^iath-oriented  audience.     This  course  is  perhaps  one-half  computer 
r ■  roqrarj ung  and  one-half  computers   in  education.      It  should  be  noted  that 
this  second  course   is  nuch  more  difficult  to  teach   than  the  first,  strai^rht 
cvi:^nutor  :>rograrra;iing  course.     The  instructor  r.ust  be  much  niore  broadly  edu- 
c-jted     in  the  various  areas  which  nake  up  computer  litorac         i  the  field 

.;(jr pnj tiers  in  education. 

Additional  phases    (third  and  higher)  will  tend  to  be  courses  designed 
t:o  fit  the  specific  needs  of  teachers  not  reached  by  the  first  two  courses. 

*jb-:>Uitar-\^    ;chOv>  i   te  iciic^r,    for  example,   tends  to  have  relatively  little 
iTiterest  m  an  inservice  course  that  is  one-^half  corrqMitor  prograinining  in 
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For  pGonlo  v/lio  liavi^  offcn'od   i  iv-^       i  i  v»      >u  r :  ;< sui-fj  ii";   t]|f>,Sf  tU^  •  .c :  r  i 'r.^d 
.kl'OVv^,  an^^  for  pi^Dnli-  who  have  tak^n  :airl]  courso^;,    it    is  ovidf^nt   that  on" 
rrairst.^    rrMicraliy  '.:atu,'>v  nrovjrjn  .Ui  adt^auato  mt:  rodiK,.:  1 1  on  tt^  tho  cr>:nraitors 
in  ocluf'atiori   field.     '-^^iti)   -aid  Sr;Lonc:o  r>riontod  t:oach'>rs  will    ne(*d  aaditi<inal 
rou  ra- -Wfj  I'k   m  c"orn;.at  (.t  r-roaraimninij .     :;oca.iL  staidios  ir^ujliors  v/i]]  n'^^vi  f.-on- 
':Ml('ral)lo  additional  work   in  the  coraputa^    literary  topics- -caj?a}j  ill  t  i  os , 
1  1  "li  tations,   and  social   i  iTud  i  ca  ti  on  5i  of  computers.     'rhus  a  school  dir.;trj.ct 
noeds  to  consider  liov/  its  ceacheis  will  receive  this   followup  traininq. 

liie  next   section  of  this  Handbook  qives  a  fairly  detailed  course  out- 
line  for  a  ''T)hase  2"   inservice  course.     The  course  is  not  particvilarly  math 
orietited  and  it  is  fairly  w^ell  balanced  between  comnuter  proqraTrirri i  and 

'.'V-.rald    Mf;b;i  -d"  c:c>!:<:  a  i  ■ :  rs    in  r^duc.dion.      TIm'  cr;n?,.<»  v;^.ii]d  ulr.o  b:r- 
Siji'^idv'  *or  use   n\  a  r;oUecje  or  \iniversity.     i^uri-nn   f.ill  terv:(   r37"i,  lor 
^  s-:      d  '  ■  /    lh(/  -n  i      rs  .1  ty  of  Ore  -o;-.  v.^rll    offer  .:l       hour:  (A^mpulo!  :.ci'>n(:c 
'h'M-O    ;.'''ar:>*'^  wdiai   t'ollows  thir.  oiitlinr*   fairb/  closely.      {7\\r^  iiia  cours<' 
w.:  {.  1   :  r^-;;: '  af)  i  y         spd.  1 1  '.;lo:u":r  t..;o   .4  cor"::  .ut  r'r  ;  u'cqraruai  nu  /    »  ^'  ^>Vervj.f>w  <'rf 
■  --);';'ra  t:.r.'r- .   i  r.  criu-at  ion)  . 


A  .s<.-]io<:)  1  •  5;  n(H}<.ls  for  insr^rvico  tra  iniitq  iu  t  he  compvitor  rioid  wi  l]  1h? 
i>L\Uii'/  '.ienonJeiU.  upun  tlu*  af;Knint  aiv]  typo  of  r'oinnutiriq  facilities  avai  Lrii  i  1 
f-.*>  t'lit..  ?^  ^■•']u"^o  I ,    t.:hr>   level   of  t,r:iininq  <il  ready  acquiroci  by  the   tcachGrr>,  and 
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<jV^/i  .i  ;  I  '^oalr^    in  I'nvld         inst.ruct:ioi;al   use-  '>f  cr;iar/Ut.e-i-:i  . 


'iru^  tv;  i!.:al    Ui^aervice  cv^iir.io   i  i;  a  c:«  >:n[)  forui  se  ^      It    is  ciesiqtied  to  serve  ^is 
'•■•adf    Ui  aadwTiC"'  as  t:osrsii)le,    thus   iniau'lry;   tdiat  1  hc^  course  ea/i  h*"'  liv'Mi. 
M    ;s    <i'p('d  *:it    teacher  s   fron  a  vMr  iety  of  disci  f  - 1 1  nes ,   at  a  variety  of 
;ra(i.'   levels,   asd   from  a  na!r\}M;'r  of  difth'Tr^ra   srii'>ols  aad  sc}k)o1  districts, 

'i'hc  v\;urse  t!<'S(:rihed   in  th  1  -  section   is  svicli  a  "coinproini  se"  coursf^ . 
U    IS  viv^>i^;n(-d  t.(;  fa-  sni  table   ff  r  t^^:)tJl  :aa th-or i t  ed  teachers  avA   f'C't  ndii- 


:::ath-c:iri  ent  ecJ  tear-iif^rs  .      It  p  b.r 


:>n:  •  1  di  e-abl  c."  o:  \:)hasi.  s  uf>cj^i  ei'^iapu  t'*  2"  pr^  v 


:  rai'\!:u  rv  r ,   l.^at   still   vVrjoiit  Vuil  1    )f  ttu^  cours<,^   is  devoted  to  th(?  laore  ^j-c^ri- 
■rn!    t^'r.-'i-:;  of  v'er^r^u  to  rs    ;s  r  d  i.;ca  t  i.  e:  1  . 

Thi'  ^f^eal    or    t  h^'   c.T3S!:^(  '    is   r-C;:aput..^..'r    1  1. 1  (/ra-s./    Ufi    f  ' 'H'/lisa     .      la  rissiunf-* 
sst    ;  i- .u  t  <a-   faeii.'i.'.s    (.it   least,   one  r^^note   terminal)    v;i  1  1  av.udable 

Ai'Q  lie  Id,   and  t.  Iiat.  many  of   t.h^  partii,.-]-- 


.  i  r. 


"  .lass  Tneeti 

. d*':^ia:.ed  fea' 
-e-s  IM  l.-s.Mdi. 
cas  'di  t. 

IS  rvise-i  aeon  t 


■  i]  \  rcvx  .  '■■  at    1  y  h  a  I  f  o  f  th«:,'  S';:'COnd  ery 
■ '         '"I  v'/  s c ' i o o  ]    ;  t    1  q. n t : : i  a v ^ ■    1  c c: a ' > ^ >   t:o  f : ; t . ••;  I 


il'S    f  aru  1  id,  o-^s    i],   tse,'^ir  schr.>o]s.     'Phi"  ^>at - 
b'^)  vi-*a,iTiS    ':"^ir;'e,      bavd;  r;--^*  a  1  r-a  v;ouId 
V;  a  '  .-a  i  ly  si.k:;  1  <i  ijour,.:;     ca  /an  jv:  tl'^ ree 

i  rit..^-^rao^i-/e   laiviaarjo  liASIC,      Iii  ■ -r'-sTOj-i 
y  se:u  'Si  Is,    rrpresen  1 1  na  no  a  r  ly  3  /  >  o  f  tii 


J 'a  a;  an 


i  ns  t  rue;  tor  : 


:  .  .rs;  .-s  -i  i  1.1.  ..i:  ;\'drsje  , 
,a   li'LO  sc;:.ool  vovir. 


,  I.  e/ 


so  a  r,-.     i  s  t.,-..>      ^  a*  ■  I  a 


rd'-rr  texts  ar.d  sul\t>1  e.'amt^ir/  naterial  '.s-ell   in  advance 
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^.     ]r''V'ol<>!>  a  f>ers'>nal    lii>rv^i'y  of  t,c;Xt:^  and  art  ir'lcj;:   for   U!3f*   in  tjH-  couj:;f-. 

4.     li.iVf  •'iiC)U'jh  T'i'V  fKir.c!    aiul  i^  jpcr   t -jMr  <.ti  hand   (r>t    iv^f.'h  fjJ  jF^s. 

.  ;;uro  part  i  r;i  p.^rd  s  iuuUm  ■  P  , uivl  I.'p  p  ^-^     1 1  1   )  c  ••>5ji  •;•  i  do  ".voH:    i  nvM  I  v<'d, 

f^ofc^rf.^  class  boa  ins  \vlu\  thvo[i<.\\\   t{\c  vyalA^rial   and  pake   tho  noc<:*ssary 
chan'jori  to   fit  your  nondr?  and  year  v:PPrnitor  sy^Uo.n,    if  any« 

7.     It  is  assumed  t'lat  tlu^  clas;:;  discu:;;uon  i>or!  ion  of  tho  mcotinq  will  take 
one-halt    to  two- thirds  of  U\o  allotted  tine,    in  most  class  meetiiviJ.^ . 

!    t  ah  1  ifih  a  tine  schedule  for  part  i(U  pant:;  mzc  of  ITV  . 

'K     !  1  a vo  a  cons u  1  t  a n  t  a v a  i  1  ah  1  e  wii  i  1  o  par  t  i  r  i ;  an  I  ^    a >  i ks  i  n^  i   the  T i '^r  . 

1        ->  '  n^^t.  a:psiijn  f  a  o]-)!^  ^in.;  v/hi^-h  iuivo    ^"or   t  hra  r    ''it.i/ut    ,j  teletyrn'   run  lojiprp 
t  tiun   }  mi  nute:'. . 

n.         sure  eartieipants  with  r^o  U":'V  avnlahh^   t^a:  uso  botween  rd.js:;  mi-rU- 
!iriv'(>  priority  on  usinq  'l^'i^V  duranp   nio-'turj  time:.. 

p  .   Thn      'pons  tra  1 1  on  nroar,uns  vn'^  i,,n  ii-,r.r|    j      f  h  f^v^  '.■■ly:;:   on  t        iDarrl,  <:i:: 
a  handout,   and  us   a  v^r»'par("d  pro  ri-a-n         tj,.  fi  vp 


'''ol  i  rpr-  t  i)  make  irMpa'  chanpe'3 
M    tpit>  oro^pu'  '^rieni.d  lor^   t'"?r~  t' 


■<';;■  -  ^  ■  -ap  I  1  :  IP    t  o    lit    vpu  }     i  d^ 


h-.>p    r     ^S:  i  ;  })  1  .>  ,     rr'udina:-    slu  Mild    in':-liid''    tt  'P' 

'■■yt    -dasM  ru-aJnp. 


})"  di  'aMK-sod   ^jf-    t  ^: 


:!  hooks  list!.'d  for  suqu(v:t;v>d  roadinjs  ur-  ti--^'  .waiiaM'-,  .aiiqn  :arii 
\  iV  tovjic^;   from  oth^u:  :>o:]r<'os. 


^h:  P- :pq-^Ar-Mpd  ( l':emf.^:-'iip'r  ]^:uk  i.nsoii' 
v-p  M  ;    if  noddling  can  qo  v/r(>nq,  ::op 


f  -uiV  1  ■ :  Uiq   <  '<i\\  -jn  v:i'{  , 


T;q-:_-      -^MPj':.-     ^  a:'p  [^-.PMpqm 

ilir    "vi'^-^'-'r.  Wiiat   is  p  rv>rm  a  tw.'r'.' .      il' njalitc;:,   -Pfflin  ^v..,    \  )l 

^-a;--.:-;  [p^s  pp  BA.d'P     h-ayd'Ui  l'.ook  Po .  ,  |-'70. 


_1L' :  ■  "  ■■  \  pt:,  V  '  "i--J'^-^  '^^"^2}'  '^-2^'^  -'-'^'^  ^""''1 
-an:;!]   ''):'  Teacipjrs  of  -'athomati' 


•y  /    i  rir--,,!:- ;    r  r)d.  js  t audi  nq  <'-k:>mpi£t o r. ;  .      Mr-Pr av;- 1  j  1 1 1    Inc.,    1  '^67  . 

■  ■i^^-i^.k  7.;  T  r  i_  t  _r  o  ci  u  ■  t  i  o  n  f  o  i'x  i :  'go  P:  ^  ■  \  ,f.;:q  (Pp-;p!.ppr  :-oLonce.  M-^.>vd 
r.p.-r  labljshinq  To.,    1072,   oun  ^a^:up/]':;~- J/'^^ndT^^  ^ 


p;ald,  -^artiJ 


impute r Li  and  the  Art  oi.      -:';r-u t  cj t  i      ,     Add  i: 


■■mr.       i'Pcnatvj;   ;^A^m-uter.-   mvI  -ky;iyn^-      "V"- k'.  p/- ■ ;  i  ]  1  ,  iP7k. 

r.sori,  rifp'ens;    rkhjcat  lOiia  1  Csc:-;  of  Com::iUtp-'rs  :      An   T  nt  up  ^ducf  io: 


o 
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v'f^nony,  John  (1.;   M.vrt^  and  tiio  Cc ^npg te r >     Charles  Scribner  and  Sons;  New 
York,   19  7:?. 

K  ( }  r  I  !j  n  y  3  n  d  F,  u  r  t  z ;  B  a  s  i  c  P  r  oqr  an  im  inq  ,     J  oh  n  W  i  1  o  v  a  ii     :  >  o  n  s; ,  1971. 

: '*  a  r  t.  i  r  I  a  n  v  i  Mo  nri  a  n ;  '  rho  Comp  utc  r  i_z  o  d  S  o  c  i  o  t.y .     I  ^  r  c  n  t  i  c  e  - 1  i  a  1 1 ,   Inc.,  1070; 
Kncflewood  CI  i  f  f  s  ,   N  .   J  . 

^^iLlTU^li^^-i     iiL^^J''''^:^^  Dyinan,   :';onlo  Park,  fa.  197:^ 

'^rf  and  KcfU-WOod ;  v'on:M;tC'r  Convc-rsat:  ions .     'Fho  Math  r^rouo,   5(>25  r;i.rard  Av(?. 

Minnoapol  is ,   Minn.  1973.     (Those  are  good  Bulletin  Hoard 

('<jrd5; . ) 

Pavinvic'li  arid  Tahan;   r:orajMiter  P  rx^j^ranii'U  rv?  in  BAS  IC_>     Holdon--Day   Inc.,    107  1. 

"utiiTMn  and  Mosinann;    Conij^utors  and  --iociotv.     r^cionce  Kcsear^      Assoc.,  1072. 

Tho   -clvjol  Mathematics  Project;   Coinputinq  iii  M  a  t  i  i  em  a  t  i  r  :     S  o  vr^e  l\x  peri- 
^ E'JLiiL-J * iliiS.  ^o^^  Teachers  .     C ami 3 r  i d q f ^  U n i v e r s  i t y  I ' i;e s s ,  1971. 
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'rrVti!!:,-:      lritrodu>;o  and  ho  n  n  tho  riAMri^.},       i\'o  ai;  ovcrvi  nw  of  comrn)  1,^-7 

tho  field  of  oducatioii.     Introducr    rhe  ir\oa  oY  T.^acV: aqcd  proqrains  and 
?  t  a  i  I  s  o  ^'  h ov;  to  us  o  th  0^5 .     I  n  pa  1 1 1  c"i  1 1  "i  r ,   ;  j  i  ve   i  n  f  o  it-^  1 1  ion  on  hov;  to  ]  oq 
1  and  off  the  co:^!:vitor  svr^tcn  and  -if;  a  liivrar/  T^rorjran. 

introduction:     Tho  instructor  should  introduce  hin.se If  and  tho  course. 

t-:ach  "stuvdonf  i^hould  introduce  hi:nself.     (It  is  dosir,^le  to  arrun^e 

a  ca  r  {.>oo  1  . }     l  h  e  \ n  t  ro du c  t  i  on  s h o a  1  d  co vo  i    tho  ^ i  o a  1  n  o  f  the  co u  r  e , 

?       r;aturc  and  oxt'-nt  of  rt  auirtjd  r^'a  iirias,   hornr-v;o r^;  as;^  ignments ,  t'U'rn 

I  Kii  1* ' r s  ,   t OS  ts  i   T'  tc . 
i       'v'l^jt    is  a  cop:"'ator?     K^finc    UKi  'ir  -;':ritje    i  '-onr;  it^^r  svrjtcm.  (Soo 

Chara  OT'   II   :-"Ction  A    d'  this  HaTid:;"">k  . ) 
[I     ■:ri':'f  ov-'^rviev  of  v;'/r::utors   in  ^:'duc■^"i^  i- on :      ('Wro  r'i'intf^-   II  "^cr-tion 

of  this  fir!ndl>orv:  . ) 

iMlr:;:  1"ho  r"ollov/in-  two  filns  ar^-  oxcollont,  ijut  oV(,>rlap  ^'ons idr- rah)  1  ■ 
It  rr;con:nonded  that  one  he  shown  durir.a  tnc  fir;:t  claJ^s  'neotinq  r  nd 
tho  o^zhcr  on*'  he  sriov-'n  d'lrin^:  thr-   last  class  r:cctinq. 

A.  fj  t     '^'']  .1  nk  I  ?v7__  '■''^'i  i'Oii    ia}js,    fr^M},    20  niiiatos  {first 

B.  The   I c r o  i i nl e  M<i ch  i ne  >   H'^li   i.ai>->,    i^ro'?,  ninute:^, 
r  tckaacd  pro';rans:     -■T.o'.':  tho  cla:;:;  ::ar ti cipants  hov;  to  log  on  the  cori- 
:,^;tvr  s'/:>t run  a  v^ackaaod  pro^^ran,    and  lo-?  o:  f  t;he  -systen.  Provide 
■-;la-^^-  rnootin-:  tir-^o  for  cazri  student  to  pr:ictice   thi:^  process.  Discuss 
vor>'  brioflv  suvoral  short   librarv  i^ro^^rj-rs   tho  students  can  jtin.  AH 

t.h-'3o  sr.-.  ild  he  sh-  a  t  and  s^rr.^e.     5;:,:'.:dv   -:ara-s ,  1  ittlo  CAI  drills, 
-tc.   ar^'  ideal.      It  is  oxtrercly   irrortant   that  all  students  learn 


all!) 

M.     Piall,  Mdri-vn:     V.luvt  is  a  c'oin[nu.orV     Hoiujhton  Mifflin  Co. 

i\     roriT.?:i  tors  .  .  .  a  Bog  ij^ni  ng  :     IKM"  Books,     Urn  t  I.  on  "What  is  a  ro\]\ir.A- 

tor"   i^;  F'uitablr^   for  use  ho  re. 
ih      (f   tlio  c<nirs<^   is  lun  nq  a  coripuf^-r-  f  >rr)Mr<unjiina  t:oxt;,    tlu-    fir;;l:  f}i'\\  ■ 
n.iv  ootilain  iinita}>l».^  introviiu:l '>ry  JiiitoriaK     'jvich   is  tho  r:.r.><- 
III  f^^- 1  ^'         -a^^k:::  aT:(]  Moaciows,    SKA,  ]073. 

■  r .  ^  n  ar:  i  I  !ia  :      l-^H'h  sTiificat    uiruiM  h.-  I'XptMa^'H   Lrj   run  <it:  h'-r;!  two 
t'a'VMioM  or-<)';r^ins  ditforotu    t'loR^  tht'S*'   i  un  dantiq  tho  ol-iss  0"ri<>d; 
turn    Li'i  outrnU:   fron  tho  nrr'a^a'irn  ruf^s  and  a  caieful  dJ^ousnir-n 

VMa::i;;  1  h  I  o   i  ns  tract  lona  1   uso:^  of  t.ho  nr^>q  r  .Uii::; .     i'.^)M.ont  thc^  discu:;- 
s  i.ons   *  o  i.;io   lovol  at:  vhic/i  one  tajacJiors. 
>  i'i'.":      (ih^'SO  ;i-^od   to         r>rf}oarr^d  Vv/  ;  rtfj   inr>  1: rvictor ,   anri  siotfJd 

fa^'  f.arMo'ihir    ooinoaror  r^y;U^:'.'i  a  va  i  1  ^il)!*/  to   iIk^  : ;  tj  kI^ 'H  ta;  .  ) 

i   a  ^'>n  ,   .^'.-co'^a-;  a  r    ok '"^qcd  rnoa/'arn,    arid  off  t,h«'  :.o/'.af'rk . 

/"^    I        ,   .ind  ;>iiof  d« 'O^a- l  i  >t  i  on ,   of  a  ur         i  la  or^^raa  nr;  .ind  a;.']'r'>- 

:  ri,i'-ly    :;r:>-^"n  rviic^k  aa '  :'d  t,^  roy  ram?-;   avoilabli-  on  v.hv^  ':;yaLoM. 
-■kinoit:;  ■iotr-'U':   frr>:i  ^'^no  or   t;.-/c>  r> f  tho  proqrao;   m   li,    for  claoa  diao^ia- 

■■'X'!"-:  ■  i '-a'    oorio  of   tfio  nationally  dLntrihutod  p-aok  aqcd  orooron  n-i- 
t'.oi.'ils  ;i..rk*-'  oood  handout:;.      FooV'T  matorjalo    (viorthvont  ivoqional  t,-i;-:-0 
Kid  oar.tinat'on  :ro]oct  :nat*  r:al3    (I-a-Qoklyn  Folyto      a^    Inatifuto)  .irr- 
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V     [  V  I '  ?j  ^    :     \\\t  r  odu  CO  a  t    \  o  as  t:  ou  o  new  1  n  I  or  o  s  \  \  a  q  a  i  ul  qono  rally  u  s  o  f  u  1 
>a(,:kaqcvl  pro<irain,  and  ciii>cuss  [\io.  I'nlo  o\   packaq^Ml  i>rc)in-arns   in  i  ns  t  ruct  i  o>i , 
Jntrodnr^*  coi:^nut.or  p  rogranmiav  ^    i  r\  liAi-K",   and  drTionst,  rvitc^  that    cc  hitju  I  o  r:;  (.mti 
^"  n:^i  '(l  t  (.)  ("ar  rv  (mi   thn  corninil  at.io?;   ijKli^^atr'd  })V  a   r(>?:'iUJla.     ^;ivo  d  vz-ry 
^vifM'  i  nt: r';)da"t:  Lon  tr^  f  Jow  chart.inf/. 

I         S'oviow,   ..olidify,   and  answer  quo;-.tions.     'IVpically  a})out  one-halt'  h(.)ar 
^;hould  V)(^  devoted        this  each  class  neetinn.     Kec^)  in  inind  that  a 
W(>;.»k  has  passed  since  last  class  [aeotinq,   and  many  of  the  class  Tu»rtl- 
cir>ants  v;il}  riave  t'orqotten  much  of  v/hat  v/as  covered  in  the   first  w^cl 
jrvi.     Students  who    join  the  course  late   (i.e.,   w\\o  missed  the  r'lrst 
n^  'M  inq)    can  he  eased  into  the?  cc)iirso  this  way. 

M        !  1  ■kuuMi  f)rO'/rams .     Cot   the  students   in  nurru?  arid  discuss  j^everal  ol 

W)*"'  packaqod  preqraris   thf-y   found  v-ar  1 1  i  ;u  1  a  r  )  v   int^eest.  inq  v;Vn  W,-  i\(,\un 
t  iiv' i  r  lu  'inework.     Suqq'  -!:t  ,   .md  diS'  u  ;:'  la  if!  I  ■/ ,    .Sf'V«  r  .il    <!  ldi  tH>n.i| 
r  a(  kaa^vi  proqrans  of  r|*'ri(>ral    intr'r'-,,L.      l)L:;f;u;;:i    rhe  topie  ni'  Pos:>i}d" 
r')lrs  of  f;aekaqed  proqrans    in   i  ns  t  r'.ic  t.  i(jn  . 

IM      1  litr'^duction  to  BASIC 

..'■ani.^le  programs    (r>ut  on  the  boarri,   and  discur;rO.      Include  a  vcrv 

1 7^.- J I  o  f  1  ov;  ch  a r  t   v;  1  th  c.  ach  \ ) r<y  ]  r  an ,   tc;  h oq  i  n         i n t  r odu c:*^  1  h '  ■ 
i  1  ^  -  J  o  f   f  1  ov:  ch  a  r  t  i  n  j . 

j50      i^■:T  V  -=  Ii*R 
40     I'KllJT  P 
50  KUD 


1.0  PllUlMMTi^K  01''  }<J':(,"rAM(;LK 

?^;}M3T  l..,W 

Kc^y  (.:<:'nciM)t :     iHiciht  Vc\r lat:  ions:  on  the  cibove  firoqramo,   and  use 
ot    ^  ,         * ,  /,   allov;  a  largo  prof;ortion  of  ail  of  the  "formula- 
tyru'"  convoucations   in  mathornatici;  <jrados  1-10  to  bo  performed  by 
comjuitor,     Note  that  nxponontiation  and  the  BASIC  fvinctions  such 
as  .*^;-K  v/iil  bo  introducf^d  later  in  the  course   (or  students  can 
I  a  r  n  1 1 1  c  ^  <  ^  to  p  v  c;  s  \y  y   \ '  i  ?  ad  i  q  t  h  o  L  r  t  o  x  t )  . 

f'ntf'i  iiiq  and  runnirv;  .i  proffrtiivi,     SuDorvis::  Lhe  r-itudents  ar;  Uu'V 
f'ntrT  and  rur^  a  firoqran.      (t   is  (V^sontial   that  oacli  shudr-nt 

qo  throuni\  this  activity  and  toroinn  confident  of  his  aV:)ility  t^» 
'  i<.  1   s  ^J  , 
: 

;r  tlro  C'jur-so  i     usinq  a  cornjiut  cr  oroq :  ..rvainq  t(»xt,  make  an  aj^tjro- 
j'Tiat'.'  rca-'^^nq  assurnn^^nt  from  tlic  text.      If  no  Lext  is  b(?ino  us^vi 
>  r  1  e  v;  v  1 1  w  a  n  t  to  :  -  r  e  { >  a  r » •  a  i  k  i  t  ^  <  ~t  n  <  )  u  t  in  a  t  e  r  i  a  1  ^  j  i  v  i  nq  th  e  s  y  n  I  ax 

ic^.  it'   iJonq  v;vth  exarnr)]es   illustrating  uses  of  the  various  3  ri- 
s  true  t  ions . 

Ciuipter  IV  of  tiiis  Harulofx^k,  vhicVi   is  on  the  tonic  of  coraputor 
ass  i  s  t*^d  1  iMtrn  i  nq  . 

t^J   J  -p cnr^sh a r i nq_?     Conputer  Science  Corp.      (A  panph let)  . 
rarnnmu 

:-uri  ciuotht^i"  packa<7ed  proqran  and  write  ui)  the  results  as  before, 
ff  a  corr^puter  facility   is  available  in  your  school  tlien  select  a 


I  ro u f ^  o  r  s  t-  u d e ii t.     and  '  i erno ii s  t r a  t: c  ii ( >  c j  1"  { ) a ck  i ^ j o ci  p  I'O g r ai a ? i  t 

thfTU     n.AV(>  t  h^'^ia  rim  r;^-^vnral   fvic;l:a  jod  t^roarairtS  and  note  Ihnir 

Vt'act  ic^ns  .     Wt  i  l,r  up    \  byi^'i  dcscr inf.  ion  of  vlii  s  activity  and 

what  you  I  earned  from  it. 
n.     Mciko  c*iS  lonq  a  list  as  i^as^-jiblo  of  fonnulas  appearing  in  typical 

'7 r a d o s  1  -  }  0  in s  t r u c  t  i o n  wh i  ch  c an  be  t > r o g r a rr i nc c i  u s  i n q  t h o  i d a : > 

i  n  P.AS IC  covered  during  th i c  1  ass  rnee t  i ng  . 
(\     Write  and  run  at  Least  two  computer  ^^ro gramrj  to  carry  out  comrju- 

tations   from  fomiulas  comp  i  1  r>d  for  B  ahove.     Turn  in  the  entire 

^11 Y   listing  of  the>3e  computer  runs. 
iryjW'[\-_:      T  r   a  good  ()roqrarinni  ng  text   i:    not  l)(Mng  u>i'd   it   v/ill  r^ecy^s- 
ry  tt"  [iTcpare  a  handout,  givintj  def.^iiLs  ^in  how  to  cMit'U    ti  prorirarr^^   i:or:>  f  \ 
ror  :,    run  ttie  progra:^;    etc.     The   in^ilruolor  ■:}iou]d  h"    iwar^^  that  .'-o;nc 
'i'Vuil      vM  1 1   enc'Hinter  j:ax>})le?'i'^  not    r  oVf^r^nl   i  rj   Mu'  ha  nd    i  ntrodur  t.  ion   \  m 
jgrapii'ung  sc)   far.     ThUo;  w)iat  is  an  K^r  nyr  rno:so  i((f^,    arid  v;h  it    lloo^^    i  |-  noan? 
at  h'ipi:^..'ns    if  the  student  has   line  t  r  an:-'i'U  ss  i  r^n  f  )rol;  1  f :  es  ,   ur  the  coiatiut^jr 

d.^//;n.'     A  good  handout  would  rea^;sur"('   thf^  :d,ud':nt  ,   .aid  tr;]l  v/li.it 
'.lOi,   to  take  if  various  thing::;  go  v;r(niu. 

' -.^I^ ZZ/l^'"^'-^' ™^         major  decision  needs   trj  ht'  nade  <i}:)0ut  v'hetlier  or  not 
tntroduce  string  variables    in  the  course,   and  how  eu'ly  to  introduce  then. 
v^e-.-iOns  of  BAoIC  do  not  allow  strmu  vanaUes,         wid^^'ly  availa})le 
/MorL         BA:^IC   (::ev;lett'-sackard)    recaires  a  ivi:'  statement   for  eacri 
:  i  na  ■■  iri  a}.:'le.      ilus   can  ;)e  ^ornowhdt  confwsin]   to  students,   jjut  ccrtiiinly 
•rsi't  t^rr-hibit   introduction  oT  string  variables  early    in  t)K'  course, 
rtnouth  HA:Mc  (and  I^O'^-IO  BAlUC,    anorsg  others)   allows  string  varialUes  to 

uSTMi  v;ithout  a  bin  statomont/    and  th<ui  also  allov?  vectors  of  strjnq 
riahles.     In  the  c-ase  *iiat  this   "nice"  HA:Ur:  is  available   it  is  strong]'/ 


r( 'coi'L-uT.dni I  \.\\k\\:  ^;trin(j  variablei:^  bo   i n tr<xluc(j(i  c^::U''ly   in  tho.  ^:our:io. 
1  i     ■        or  iM  ;vC))il<l  br   an  ■:i!'r:'i"opriat      ula:;'-^   tj;   int:r'cvi]\u;e  :-;i,riri' 

v.ir  I  ih  1  or;  in  particular  ^:ourno  ouLl.inc.     HVo  typical  domc^nLitrat  ion 

♦  'XiirLplos  aro  qivon  b<.'lov;.     Tho  first,  couhl  be  viH(?d   in  M!'}VriMO       ,   and  t:}u 

;  :-M:    .;b:^' '^*;.:r,!<Ari-^  CI       b^i'r'iN';  v/ai<{.ah[.-:; 

.'H      ''\W\r  !    AM  A   COM!'!  i'tbi/ ,      V^nAT    lb  YOUl^  MAMi:;" 

'\n      raT'r  'I" 

.  \-:      "Wis^  r  ; \^       1'7oa  -ui'n:  i j'rr'i'Kb"; 


7  b  ;■■{■:] 
1  in  i-;p 


.T'']-:   "  ;  a:^;    "  A:,.' 


ba 


1  'Tn-i-Ar-:;  I  y\-:\: 


V;t::;  v<-^i]  :a' (tv>1'.  i maaf:)  ,  f:^!'-  Ahv:' 


Tib::;  1]^ 


1  'b) 


•      -■-■'•a '.'v  'I o-i'jh  stria';  :  variable  oxanplos  i  o  rocoi'jnondorl  if  tr^-^  c^mr:;? 
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hrvWVVlv:>:     f<ovicw  and  solififly  proqrcss  so  far.     niscui>s  tho  use  of  ol(n.:- 
Ironif'  dt-:;k  r.i  1  ucl  atc:)r:n   I  fir  "fontuila"  c<>:!i[M;1.at  i  nn; ;  •     f)iscus;:'5  the  overall 
<:'wr':efjt  t  J        slia  rod  croinf  )vit  i  nq  ,  witJi  f  )a  r  I  i  cu  1  a?"  omf^hasis  ufiori  the  i(]<u\ 

of  "d.U  a  har*k:/'    (;  interact' i       itifonnalion  ^.loracje  and  r(^t:rieVri])   and  tdj<:ir 
i  int>l  i  r:af  i  t:)ns  .     Ttit  rodiice  tho  idea  of  outnvittinq  a  charaetei"  strinq  i  n 

I  ^'evu^w,  and  answei-  (fviostions,     fu^t  the  class  to  suqqcst   formulas  ar)- 

5)carinq  in  j:)Ublic  education  grader-   1-10  which  cannc  v     e  [>rograrai:ied 
Mf-n  Tiq  the  ideas  covered  so  far,     l-'ai  so  tlie  question  of  what  const itu- 
l'^:^  a  fernula.     Are  the  coriputat  ion  of  nean,   n(vli,in,   node,  or  ext  roMc^ 
values   includ^vi  under  tlu>  toi-;  /  "ffUTnuhr'V     Contiriuc^   to  dLJjf;uss  '>duf:a- 
t  i  snal    I -nnl  i cat  i  on;;  o^'  usitiq  ma<"h  iTi<ss  to  cMrry  ont.   fonnula  )Tn{)uta- 
t:  i  cms  . 

il  :■;  ]  '  ^cLrf  >ji  i  r'  d-'Sk         )  culato/s  .      uis^-irs;    M,('    i,t:-\     M.tl    ( •  h -c  t  r  on  j  *  ■  (j^-sl; 

' '  1 1  s-u  1  at  ( us  arr'  c<i:',y   to  use  atid  rcridijv  (surv  ovit   V^>rinuhi  roni's^ 

t .  •  I L  I  ^  ■  r\: ,      Vu  c  I  o  c  t:  mv  i  c  ''1^.^  5i  k  ca  1  c :  u  ( .  i  ■   ■  ^   is.  ..i  ch  ^i]  or,  vvi  r  n  re  a  d  i  1  v 
a  V  a  L  1  a)  >  1  e  ,   ^u  i  d  i  no  re  c< :» n  v  ninnt  <  1  e  v  i  t ;  e   t.  o  r  <: .  \  r  ty  i  r  v  j  out.  s  u  ch  co  ivip  u  t  a  - 
tif^ri:.;.     "'his   introduces  th<^  idea  that  sornr^  erc^i^rvis  are  Iv'ttr^r  don^' 
i)v  hand  or  desk  ca]culat^.>r  rathci"  tdiai'i         comi^uter,      Ir   tine  permits 
: " :  r  u :  i  tj  \:  r  a  ^  o  r>  n  o  o  r   t  wo  differ  e  n  t  f }  1  e  c  t  r  o  n  i  c  ^  i  e  s  k  c  a  1  c  u  1  a  t  o  r' s  . 

lit       ':ontuter  fJetworks.      cUve  an  ovorvirv/  of  tlas;  topic.      Some  of  the 


na jor  national  networks  are  vised  to  construct  end  access  data  banks. 
An  airline,   hotel,   or  notel  reservation  system  v.'ould  be  an  exanole, 
:"*.ock  i.>rokers  have   terminals   in  the"ir  offices  that  access  uata  bank^-^ 
c^  ^;^ock   information.     'Die  US  qovernnent   is  a  iia  jor  constructor  and 
u.s'r  of  data  banks,     A  ;>ublic  sciiool    is  also  a  :naior  constructor  and 
ust^r,    iltru>uqh  the  data  hank  may  not  be  r;o:sputerizfd. 


XI  [  .H. il 


Hif""  boarri,  .ind  di:>(;uss.  IfH'fucii^  }.ilO(."k  riiviqiMHis  and/or  K)rif'f  flnw 
.'harts  . 

10      RMM:     C; 'Mf'UTATION  OF  PAY 

:iO    r'i<iN'i'  "f:*:'rKk  modk'i  woRKr:i>  and  5'Av  ^^/rvA " 

S  )  NT   "Tiii:  PAY    lA^'  ;  V 


40    i^rrrr  xxxxx" 

Xi^lXT  "  xxxxxxx'^ 

i^Ki;rr  "  X" 

iCi    r\'.\:rr  "  x" 

hi)    ;M--i"rri'  "  x" 

i  'ii:u      Man  ajuJ  tVn'      m^f  Mit  < > r  ,  !i^M 

.     Al:no:; t  f  v--»  ry  "cOMf/Ut/.?r  coxicont.s"  or  "conputor  li  t(fra';y"  or 

"^;or; ^uti'T.;   in  3oci.e-        text  coni:ains  a  chajjtnr  or  snajor  di^jcussion 
or:  data  banks. 

lateral  ure  from  '7]  A  A   (whicli  riaintains  a  :,^choo]    inf  or  mat  ion  dav 
;u^nk)   v^C'ViMi  rvikc   a  -.f^od  /MnriO'^t  and   ^o;r'i.riq  ass icn:nr-n t . 
(A      \::k  *^ac;A  :.t:udcnt  to  ■:\ako   a  lial   of  as  nany  co:^y>utor  izod  Aatu  Aa!.k*- 
aa  ;ir   ':'aM   thiiA:  cAA      in  [^a  r  la  ni  Ln* ,  t  aoy  siiould  cc  ah^c  to  r.Oi'i^a]l• 
a  ^oiy  lis!   of  aata  banks  cont^inina  i  n  forrrata  <  *n  ol^out  thor  sr  I'/o-; .  ^ 
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Xil  M  ,  ]  2 


t  v;.  >   f  </rf:uila  o>i'i;nil:<it  1  on  pvn<]rAvv'.  to  nr^'  .mr) rc^r  .1  Lo  1  y  priritC'i 
<i  i  vr:  c  t  io ms  to  t lu *  u s  o  r ,   and  )  ^ii ) o  1  od  t )  1 1 1:  p u  t . 

H.     'Write  a  proqram  to  outDUt  a  pattern,  such  as  a  picture,  or  one  ' 
ruurio,  etc. 
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I  1  ;   I;.  ■  .1  rout  I  Mual.  jon  n!"  Mi'.:si,! 


h'l  I'll         c:o\'(^r   IT!   I  his  iM^-^otinn- 

i.ocjTMn'-^      r)is...".i5u;  coiicvr  >i,    i  1  I  ii;;Lrat:r  flow  charts  and  nam- 

r.rrrij-,  .m:; ,   and  Mniphasir:.;    li>o:'S  a^;   .i  key  ccjno^r' i    o*^  nfoq  ra^Tn  i  na  , 


:AVA  40,  ;.7^:> 
^     i/A-^A    ^A,-i  .  19 


^  r  a  Tion  t  i  I. '1 1   '/..I  ]  a- 


xr  I  JM4 


U)     I'lUMT  rU-vli        T'v   'i'/T   ("fU'V/  lil^M    U]  ("LASS." 

iU*olilera  Solvinq.     With  the  BASIC  latiguaqc  tools  now  available  to  tlio 

:;tudont  a  number  of  sianit  leant  aivl  difficult  prf)})l(Mns  can  no'w  ho 

jl!n".:kod.     N--^w   "is  Wi"  t  nru"   in   tii«-  f'>Hir:;^'   I.  o  d^'Vclrjn  tlic   tr"  4i  n  ujU":  ■ 

■'iru'.d   h.jl)iL:>    tiiat      i  1  1    ](\\<i    to    Mir-r'- in    .  <  M  ■  i  f  4'.  m  i- j   ru'V/  nroOl'-jfr;.  A 

■  ■  V   "'^^nc^.'f' t    is  t.hat    the  ::t:iid(*ri'    v.-i  ]  1    wuMitv   tlv^r    instructor.  Thu.''. 

in  i  ros'-ntiny   the  e>:am?ilc:;  m   M    ihovr-,   ond   mi  tb^'  renaindr^r  of  th(^ 

■ V  ir.w.' ;    use  eacli  t^i'oV^lern  ^^;■^l:nI)b'  .rs   ari  c    »:  ^^r  tun  i  t  v   to    i  1  !  us  t  r.;j  t(r  ■]<-- 

■■■irahlv^  ster.is  and  t.o.<'iuri>  |Ln:^!":i    i;i  prohbyT   sulvir,';.     A    f-nrly  ;  arut-ird 

list  of   stei'ii  to  fwllow  v,'heii  solvinq  '.i  ru-^Odo;:!  )>v  ■i.:ij,';r^:,^ro  r  follr^vs: 

i.     I 'ndt'-rs t;ind  the  :n."oV)lei'^.     Get  a  clear'  [.-I'^turc   in  rnjnd  o(   Idnj  natur<' 
of   ^Oie   input,    the  desired  proce:;s,    :Uid  tlie  <'>ut  rj\ii, . 
.  •    Analvs^e  ^.ho  prol'd'^^in  and   figure  niit    -i   s')lii}  r)rocc:'.s.     f^n  all 

;)ut   ':h"  siinalest  of  :»r'd)l:-uis   tiiis  v;  i  J  ]    r-r'smr-  brrNJkins   the  sMih- 
Ut:'  dc>V]A    into  junallvu^  t  u'ol)  bsc ;    (tor;  O'^v/n  anab/si:-). 
;^..^veIop^  appropriate  id'r>cl';  dia^j rains  '1^:0  fbr>v/  csiarts.     f;urinq  2 
'inn   ^  one  v;ill   need  to  decide  uvksi  v.'hat  rbifa     tructaires  are  used. 
(A!:   this  ooint   in  t^u:  coursf^  <>:U::  struc^sir^'  available  is 

:;ol  b;ction  of  sinale  nuraerical    vuriai-^le^-    ,.ind/or  string  var  i  a>,ili'S , 
V<.-ctor:j  cone  later  i:.  the  course.     ,\rrays,    linked  lists,  etc. 
■  •op'^   in  r:ore  advanced  cours':'S  ,  ) 

Writij  a  program  and  s^repare  S  iind''*    bit-i  *  >  b^^  used  to  test  thi- 
- -r-'-cjr.i:^-. .      Include  ad'-piate  Ks/"  s   feu;   luit^.rn :il   docivs^citat i  on . 
i>\».er  the  oro  :ra:n,   run  it,  correct  the  s\'ntax  orrors,   and  i  un  it 
J;  \  a  i  li  . 

:'iyc:k  f'W  proca'an  corectness     ]r;  convsirinc  ':>u^nut  vci  tli  the  hand- 
ccnputed  result:;  on  trie  sample  data  ::.re:>ared  in  sto:.?  4. 


7.     V 'oia))  lot  docirnonf'.at.  ioji  c)  1    tlu^  ivroqrum,   rind  wrifj-  up  l-lir  ovor - 

nil  procesi:    (Iho  rrisults  of  stop:;   ]-f^)    in  a  m.iruior  ac(:o}:»tablc  Lo 

A.     ^  ^iiv^^uL^M^^^.  .  .      i^rn;  ij-mi  li^i/   ^^^^"S"'  Hr)ciks  .     Unit.     :   '"Oir>pnl.or  I'rohloiri 
'  I  V  f  nq  . 

M.  j'olV'i':;  ^oks  and  writ-vri'j;:  on  nrr^l^lori  :\r)lvinn. 

(\     ;'''\Mion    11  1  .  C .  ^3  ('>^   thi:;   ;  iandfjcxVr: ,   c^ii    'lo;-  Pov;n  Analysis. 
•  i         ]  =  roara-mi  IV J :      At.  this  ooinl   sI\k1ptU:s  are  readv  to  boqin  some  si/jni- 
f  leant   f)roararnmi!K  r  o:<orc].;oo.      Ini  tiallv  f:!:^>so  ^diould  ho  Siini/li? 
fMi'^uqh   to  qiiaia'ntot"  stu;co;'s    (to  buMd  litad^vit  r:on  f  i  donco )  .     I'lCf^  prr>- 
:!ran  slmuld  \>q  adoqu.itolv  docuniontod  and  dono  in  a  stylo  accoptahlo 
to  ttio  courso   inrd.ructor.     Studonts  shciu  d  t)o  oncovn-a/uKl  lo  r;or.k  out, 
^..r  Ti  iko  .i-    thodr  r  :v;n  r^i'uqr^i:  i:n  i  n' i   :  >]'r;}i  1  e:ns  .  ir;straot^)r  slioal^i 

'O'/VirN:  »  ]l^it  ^>t  ^aliornativr^  i)rol  il  •■^nr; ,  vjivin'i  stai<1cfjt::  oons  i  d'>  d  >  1 '  • 
^'-^M-.--;.  t>:<i5n'd«';   do  t.hrcf^  r;!'  tollo.vin^;.      {M'->t;.(^  t.fi.jt'  nf)no 

i:\v:i]\'-  ■:  to-Mic  Will    P^'   rrovorod   in   Miil-iTIfi^  ^'>.) 

i.     Wilt.'"'  a  ^       ;r<iri  to  output  your  na^o  2j   tirn<-»;;,    wi  t;h   tho   linos  nur-v 

-         :   1,2,^,.  ..J  ... 

'■/rit.?'  u  j)ro':r.:i:n  to  output  the  ocld  nun})o>-s    I'ron  1   to  09. 

^.     ''^rir.-'  a  :.;rourMn      .    in^^ut   3  numj^ora  and  dotorrnino  if  thov   iom  a 
:  yt.;-  vr->rr;,ip  trivd''. 

^        ■  d'-'   "t-attorr."  'U'O'tran    (yrr-ri-r:  n 3 ,   orrrsrar.  apin.unncnt  P) 
*         o  -^lit.  ^;  f       oatt'-rn  . 

'■d'u  t-  a  v.a;rj(;ru:  ut.-:>at  a   r-.ardo  oi"  ^rv*   .i.nt*'Oors   fron  ]    to  ?'.'> 

P5  o : . a  >.o  •  '.i  i  '.'0.r  r-ou  u      ,   pubou,    and  tourth  j:)CV;ors  . 
^'  ♦     W?-Ltf'  a  -r<rrra:-i  to  outout  a  tard'-  ^'f  valuos     of  co?'rospon<l i ny 
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toiiuoratures  for  two  or  three  t.ojaporatur<^  scales'*    (i.e.  ^\-\^^c/^K). 
7.     :>UT)poso  ,1  worker  i^^  oald  "time  and  a  half"  tor  v/orkinq  over  40 
houri^   in  a  wook .     Wx  i.  to  a  ]>r()tu"aia  to  IuvjuI  hours  workod  and  nay  raVr. , 
and  '.)ut.jaiL   total   ] Kiy   vn  this  casf'. 

H.     U'rif.o  a  ^TO'fi'ain  v/hicii    inputs   t^v/r)  mirLhr-r:;  and  oiitfjut      t.hori  in  t'i--' 
o  rdi  ^  r  1  <\ rq o  r ,   sna  1 1  o  r . 

''K     Wi  1  t.e  a  oroqrarTi  to   ino\it  l.hro(^  nuinhtMs  and  outout  the  laraest.. 

'-niy  of  the  r^roy  raram  inq  tovjics   that  should  bG  cov(^rod  in  this 
!:rorluotory  oonrs^  are  not  Fsenlionod  and/or  ♦•ovorod  i)\  detail   in  tins 
irsc  fisitlina,     A  qood  text  on  introductory  proaranwinq  will  fill  this 
id-~as  wil]   aporo^^riate  handouts.     For  oxanplr^,   sturU?nts  nc^^d  dcd.ailr^  -jrj 
to   P  1  '-vr  ,   S  V'7l'  ,  U' ISAVK  ,    RKSiyMn^Mri: ,   ^M  c-  .   pr(>q  ra^ns  . 

An  .K>nr(.)or i  at.e  handout   for  :•']■![':'!' l ;  ^'-1  v.'ou]d  hr>  a    :<>!np}».'f  *}  rwoqrarMn i  j 
s  i  p  iii'iV^r;  I    !w^;p(^rlv'  <  iocuri*  s  1 1  od  vin*.!  wrif^'ni  u:>   in    i  stvl''  aor-r 'p  tab  I,- ■   t.o  f  ri" 
s  t  r  uotf  ,f  . 

JiLJiL.Lpl!^!:^!'!-'^^  oonLmr);;   t,o   i  r;t  r^:«r]u(v-  tin-   [■(-H-NliXT  loop  qi;it--  f;ar]y 

ruinv  *:<->: t) .^o ok s  r>n     A'>  I  ( 1 1   i  s     v  i  rk} n t   t } la  t   i  t  i  s  n< ^ t  a r i  abryn  1  i 1 1 e  1  v 
:*'nt  lal   pa  It  of   the   lanquaao.     Thus  narr/   i  ns  t  rvu-tor  s  orof(;r  to  firmly  r^s- 
r.lish  tho   i'ioa  of   loo^.s    {usiry;;   r;o        and  IF-'I'Pl'.N)   before   i  nt  roducinq  the 

hl'Xr   P>^:'i^,      Tn  sncj^  a  rase  PKI-;rrp;        wouiri  bo  the  first  i;uitai)lo  point 
1   <"i  i  sou  :;s :  n  :  y'V-K-'XT  Ioot)s.     !-*or  p'urposes  of  t>;-i:)hasi /inq  tljat  yOH-]]EX'^'  i 
t    a  critical  t^art  of  the  lanquavjo  v;e  have  retrainc^i  from  using  rt'R-pgpvr 
:i:r'\'.':^  snt,M   ''Pi:'Pi::G  -7.     You  s>iOuld  feel  ir^-o  to  introduce  this  tonic 
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(  I'f'ViPW  t  he  '')MCrM)V:>  of    IP-'i'lilMl    Uid  i  ;>  5         loops.      no1,o  tiuU    t     '  J  <  :a  1  ] 

i  Loo;>  i!,volv(  '!5  ini  t ializcit  ,  loot)  l;ody  (the  <:(Jinpute~oart )  ,  inrrc?- 
? c r\  t   ( o  r  o  f :h   r■^v  i^mi  c h  a  n  q o  r>  o ni o  va !'  i  a  1  >  1 0  s )    ci  n d  t:  s  t  . 

i!  '■u:'M'U  IV  i .      i'roJ.nnt  .^nd  di.Sfuss  scvr^ral   sanudo  i)roqraris  viirnilar  to  tdn 

fV>]        Jn  ^ 

v.^    i'Ki'/r-  iickj!-,^;  A-;n  i-'ATi':.  1,1,-1-:  'n-cATi vi-:  iforsic:;  'Vn 

■in     [-V'W'  w  ,u 

iJ  V  P  HM-' 

V-  ,       :  ^- 1  ■ 

■  ;■■■)  'r^-  ^ 

-  j^r.-r  "'p^yrAN  -'Av  '-.^r  am,  W"j|^r'K!'" 


■  -0    i4<r:;T  "i:;r"^-'"  :..:^^'-^id:  :::'MiM-:K'^ r 


. -'O   >'KINr   "Til!-:  Mj'AN 

3-  r;:r) 
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'^orv'^rd^T  that.  <?.\c\\  oxan;)lr.  such    »  ;  t  hoso  ahcivc  sliould  he  prosentcMl  as 
I  ':rf  ari  ilv^t:,/  1,    flov;  ^  liar^^/n,   arvl  M-t;  :n^rn  a"^V[r>  ],     A  t  roqram  sucli  a:; 

li.'^  i^ri'.:         (Xji-iDUl-f^  r^oan  i  ':ont^\iu:^   flaws  can  h(»  dis^nissocl.     Vor  oxar^oh* 

A'h  it  hi"5:;ons  if  the  valiio  of      wliich  i  :i  inr^utt'^l  haT>])ens  to  he;     -  :^oro? 
V.'!Mt  jiuLions  if  tiiC  ijsor  of  the  oroqrcxri  lvj^cs  ui  a  wronq  scoro  an^J  realizf):i 
It    iiJ-it   after  doinr;  a  c>trriaqf»  r^^turn?     'i1io  ah^/vo  nroqram  can  also  })0  niod  5 - 
t  i^'d  so  (. iiat   It,  ctnants  tho  niir^^ber  of  scores,  dfa^cctiiia  the  ond  of  the  rlata 
via  t',.;t  for  a  seritinal  value. 

II*       i>;:':;ut'a'  s  i  r^u  lat  ion  .     Sirnrilation  ir;  one  of  tho  fundamental   tools  of 
3Ci«-nco  and  social  science.     Most  "real   Iiio"  sized  simulations  are 
do:iC  u:anf    x  conputfjr  to  carry  out  the  riecossary  oonir^nta  t  i '">ti .      U  is 
i:-.' r  ^,  a  iji  1'/  v;orthwhilo  to  sr:end  at,  lo  1st  h-ilf  of  on^^  class  irie^dans 
( 1  .  r: .  ,   1   1/2  hc-irs)   on  this  topic,     I'art  of  trie  timr:,  rerliar/S  a  li-ilf 
h'^ur,   sii-juiii  l:e  s;:<?:it  on  a  qeneril  '">vo rv  1  ?iv/ .     'Ph'^  reoajninq  time 
shf'uld  r :;s-  nt  studvinq  and  rusninq  one  or  two   »  nst  ruet  Lon-or  i  entr-i  ^ 
b  L' lula^  ions .     Hie  suatmqton   II   :ji':^ulatHjriS  such  as  r'^>LU'r, 
V  STsK!.:!,   etc.   are  all  excellent  l  =  ;r  this  mirnose,     Tho  rnaior 

roint  here   is  to  devote  sufficient    tiine      -  the  activity  so  that  a 
:>  1 'vi  1  a  ■:  1 1  n   ;:in  be  rvjn  several   txii^s  u:;dr-r  a  var  ictv  of  conri  i  t  i  onrs .  It 
tare    .nd  sCipitinr;  facilities  :>ennit   -iivide  tho  class  into  teams  and 
hive  tisjr-  cor^cete.     -^or  exaripl<^,   see  which  tea;^  can  do  the  best  job 
c.(f  wipinj  out   thefl^es    m  STTRLs.     !'a>:e  sure  all  class  meiTLbers  car- 
ti  s  ip  jLe  ,   and  learn  --iov;  to  use   these  pro :-;ra:".s  . 

:  r  (.>  a    1  f.  ■: 

ter   'V  Pe^.tion  -   of  this  PanrloooV    i„s  or.  s  i -^u  lat  i  :)n . 
.     Xost  sorcuter  science   (as  distinuuished  from  computer  prcqra-^inin  ; ) 
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i  n  I  rv)(l;u;t<i  ry  {i^xl:5  coiiLaiti  >[  rhaptrir  on  r, ,\t}  on , 

fU'  sure  t<)  kcof'  ruikin-';  rcadinq  ar^s  IquniMits   in  the  pi'oqrrii^uni  u^j 

IcKt,    if  oii'^     •  homsJ  'is<k1  for  f:oiirse. 

UOi  vutienlat  loii  oia  compviter  s  imulvitions ,  such  a.s  the  Huntirvjton  i  I 
materials,    ii\  xis(^ful  reading, 
cjraiauuriq 

^livo  th<:»  r.  tut  lent  s  a  list        a  dm  on  or  .so  r;ro})lon"i5j  involving 
surniainq  n{  1  and  related  idoar>  covorod  sc^  r<\r  in  the  conrr.^''. 

A'ik   thiMi   to  do  one  oi:   tvvu  (of  th^M:i. 

I'.ar'h  student  siioiild  i-e  expected  to  study  and  uadorut.and  nnv  i.;irnu- 
l:ition  oth(?r  t'nan  the  '>n(^(;0    \\y>vA  t"or  d<emf)n:i  t  ra  t  i  on  |:>urr)OSf>^;  in 
c:  ]  a i ;  1 ; ,     The  a s s  i  qnrne r  1 1  :>1  lo u  1  ^1  I to     i s cus s  . i nd  r  an  the  s  ]  mn  1  a t  j  oi  i  r 
'7  I V  ill  ;  s am:  >  1  e  ou  t n u  t  a n d  not  \  nq  po .s s  i  b  1  e  U5s e s  in  the  c  lass.      r  f ' 
a    -,err-iiaal   is  available  to  the  teacher  in  hie  school,    the  assiqn- 
^•5^;^t  should  be   to  try  out  a  sinulation   in  his  class,   or  teach  a 
r  e  1 J  o'/;  t  e  c  i  c}:i  e  r  t :  ( )  u s  o  . /  s  i  m  u  1  a  t  i  r  ■  n  :  >  r o  r ^  r  anu 
it  uidout   <-t   list  f):    ?u  :ni  la  t,  Hjn  iiroqrrK-is  available:    \  li  the  c^^rnr  j(it(^  r 

i^r-ir*,-.      i'fie   list  r;["UMil<i  incdudr^  a  in'i*d'  disetis;non  of  eacJi  ';irna- 

d  su  i^j(  id  : '  >n:i   Tor  u;u' . 


XI T .B, 20 

Ai"i' [  V!'n  i::' :     .'pnnd  lurno  timo  cUscussinq  the  v.\rious  fjimulations  which  wort> 
rivailabli'   loi   Lho  cl<ii>s  to  use  diirin^j  thcj  parA:  wook,   tuul  thoir  oxpor i  c^ifjc- 
in  i;sirio  thorn  in  their  .schools.     Work  throiUTh  several  programminq  oroblons 
of  the  level  c  f  diffieulty  of  tI\ose  a^^siqncd  tc  the  clhii3.     Di.scuss  TA]^ 
and  une  of  paper  tape  it  thoy  haven't  been  illustrated  in  previous  classes. 
Introduce  and  illustrate  RND,  the  random  number  generator. 
[  irnulations :     The  instructional  use  of  computerized  simulations  is 

one  of  the  more  important  parts  of  thisi  course.     Make  sure  all  class 
participant:;  have  hern  successful  in  runninq  one  or  two  simulation 
nrcqrarnr; . 

li         PiO';ram:ni  n;j :     Avoid  the  temptation  to  rush  ahead.     Instead,   qo  throuqh 
in  detail  j^^ossihle  solutions  to  several  of  the  fu'eviously  assigned 
problens.     roint  out  qood  and  btid  features  of  oossible  solutions, 
indicate  tynlcal  difficulties  apt  to  be  encountered  in  solvinq  the 
problerr.s.     A  qood  ap roach  here  is  to  have  some  of  the  students  out 
their  solutions  on  the  hoard  and  then  havr'  you  and  the  class  discuss 
the  Sv»l  utic^ns  . 
III       Vcv;  .  roaramni.nq  tOf)ic.; 

r AH    ( ? { and i  nq  out  a  s rorr.p  1  e  p roq r a'n  i  1 1 s  t r a t i  nq  a  possible  use 
v;ill  pro'/civly  be  adeMuate.) 
\\,     laver  tape.     If  the  tcrrdnals  beinq  used  arc  connected  to  a  corn- 
pa  t e r  via   lo n q  d .i s t an c (i  pho ne  lines,   or  the  coin pu t er  is  on ly 
"up"  a  li';u  ted  nurj:)er  of  hours  per  day,   stVidents  vill  want  to 
loarn  to  use  paper  tap.e.     Paper  tape   is  also  useful  to  contain  a 
set  cf  data  v;hich  the  teacher  v:3u]d  like  each  student  to  nx\.^cess. 

'lost  versions  of  BASIC  allow  one  to  Generate  a  repeatal^le 
sequence  of  random  numbers  and  also  to  qenerate  a  non-reoea tal-le 
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Bcquor;co   (i.e.,  one  i^tarLiaq  in  a  raudoiTi  place).     This  ar^Dcct 
i  f  t  :n)  IS  host  omi  Lt.rsl   n-nv-  Mie  coin  si'  riL  noinL,   as   it  f'l 

*      '  '  >/j )  )iSf  ^   f  he   ^;  r;iKlnf  I?  , 

a;;  f-i{«{l). 

■-:'M  iro  Lh-\t:  tho  i:;cK:(>iu]  f^xavuijlf  usf^s  Sviv::h   toj-^ioB  are  T^rob- 

.J-ly  I'est  ititroduccd  in  this  lyr-e  of  contcxt--i .  e .  ,    in  a  usefu] 
1  t.uat.  10:1 , 

v>    -'iv-^    ^  I A  ('oii>rrK}'  OK  ']'^ -S/nA-' 

40  11    fA  AcAi'I'l'   ^'iK  !J(JMHf'l<  jn:Ai):> 

f,i-A"  ii--') 
A.'^  )      A:-A    N  ■  i 

v^-    i  K  i-m  '  - .  A  'rni'N  no 

I  klAiT  "n"; 

Al-r  il-Aff] 
ion  :o  120 

IH?   VAAiAT  '"T"; 

1 2')  Ar-:A  :;-';fi 

1 30  ry  'J-  -100  THKr;  70 

i^O    AKIAT   "TATAA  HKADA  i:A';U 

lAA   pyi'yV    '^T^'TAL  TAT  AA  TA"r]00~n 


10    UK>\:    SIMULATION  OF  To:^:^ir:o  A  nil-: 

20    HKM:    ouTinrvs  KKSULTS  i)v  y:^CM  OF  100  'rossi:s 

30     \<Ei'\:     U  I:'  COlJMTl'iK  01'  NUMiU'lR  OF  TOS'^VS 
40     f.KT  M  ^-  1 

^dO     li'.T  T  ^=   1  +  1NT(G*RN[)) 

hO     i^F<l>3T  T; 

70     LI-T  N  ^  N>1 

80     IF  N  -  ^  100  TFfKN  50 

90  HMD 

I  Koadlnq:     if  a  proqramxaing  text  is  beiruj  used  then  assiqn  the  appro- 
priato  sections. 

II  Prog  r^iriu'^ing : 

1  .     Write  a  program  to  outnut  20  cooies  of  your  najne;   the  first  copy 
.-should  start  in  colixmn  1  of  the  paper,   the  second  copy  in  column 
2,    the  third  copy   in  colvimn     ,   etc.     Dse  tl^e  'PAIS  function  ai:d  a 
loop, 

,     Modify  the  die  tossing  example  presented  in  class  so  that  it  also 
counts  and  oatfMits  the  total  number  of  I's,   2's,   3^s,  4's,     '  5^ , 
6*s,  which  occur. 

'1 •     ^'  I" e f ) a  r e  and  cp i  v e  out  a  d e  tailed  1 1  a n do u  t  on  h fjw  t o  u s  e  th  e  p u n - 
^-red  :  ai;^'r  tape  facility.     If  the  use  of  t)unched  paper  tape  is  important  to 
trio  prop,er  use  of  the  computer  system  availa))le  in  the  schools,  make  an 
a  i  3 1  n r.- :?  n  t  i  n  vo  1  v  i  nq  its  use. 

-^'^t:-:  T^-.   r:, >;r:vi:Ci'OR    At  this  sta:fo  of  th^.^  course  some  of  the  students  will 
:  s 1  n  to  f  all  s  o  r  i  o  us  ly  behind  in  doing  ]  ^ro  gr  a  mm  i  ng  as  s  j   nmen  t  s .     Th  ey  w  ill 
:ind  that  oroarcimming   is  hard  and/or  that  they  don't  have  tl^e  knack  for  Jt. 

the'  c.iL  tf  ieulty  vill  he   failure  to  si^end  adequate  time  preparin^^  a 
r;r;>'rrrir"  i>efore  going  to  the  terminal.     In  any  case  from  this  ]:oint  on  one 

O 
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slioiild  prcjviclc  considorabl  o  proqraifiin  i  i  :q  /k-^  s  i  qninoii  t  0[>tion:i.     '["ho.  studrnL 
whv)   i li.iviriq  t  rouhh-   in  i  ^  roM  rMnan  i  nq  :;}inulcj  i^^^  .Jh]*.*   to  |y,ari5;  Uiv  courr.i' 
(ni<loc'd,    t  o(M  sur:(:(-;s  ful    in  t}\v  courso)   by  dint  of  runni  nq  a  larger  niHi\;>cr 
c>r  j>ro(,nar;is,  rvjro  ;lo:5olv    uni  tatiivj  prn(jrri;ns  usof]  in  cLiss   loctnro.i. ,  dnm^i 
rv'rifl  Lnq  on  d  si-ccial    tf^^i^;  of   irU  t^rosL,  etc. 
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ACrj^M'i'I  }::|:     Introduce  and  diacuf^s  the  i'OK-M:XT  loot)   (if  you  have  inanaqod 
to  avcji'l   It,  :ic)  rar--rno.st    likoly  it  v;ill  fiavo  r,  Itppori   in  oarli(?r  since?  :;tu- 
dr-nt:;   .-  in  roarl  \H)oki\  on  Ul'CrWC)  >     Di'Jcw\y.    the   ('ofnc  of  t  able  con.s t,nj( :t.  i  on . 
it   in  a  q(")od  rt^vlt^w  topl<;.     T}u>  major   tropic  for  t,his  mootinq   i.s  r;ofnput.or 
a:ir>  !<;  ted   i  ns  t  met  ion  . 

r  'i\il>lo  construction.     One  of  tho  more  useful,   and  oasy,  applications 

of  coi^nutGrs  is  to  constiMct  a  table  of  values  of  a  function.  For 
oxanplr^,   tho  function     F  --■  ~    +  32     relates  deqreos  centigrade  to 
dcqroes  Fahrenheit,     A  taiole  of  values  is  generated  by  the  followlnq 
P  roc:  rain . 

10     Kf:M:      TARLK  01^  np:GRFHS  CKNTinRADK  AND  FAHWirilfKfT 

:-:0     PRINT   •TFNTIGKADK",  "FA^IRHNHKn^" 

^0     FOR  C-0  TO  100 

40     l.KT  F  -   3?    V  (9*C)/5 

Sf;    ;'RrNT  c, f 
70  i;nd 

:Ui;tilarlyr  one  can  print  t£iiDlesj  of  square  roots,   cube  roots,   etc,  ^ 

10      RJ:M:      TAJHJ'    of  SQUARK,    CUBF,    AMD  FOUCTH  ROOT'S 
20     FOR  N^l   to  10  STKP    ,  1 

HO    Fi:T  A^sgR(ri) 
40    ij:t  r^-N  1  (1/3) 

^>0     l.KT  OM  t-  (1/4) 
GO     r-RI'lT  N,A,B,C 
70     Tii-XT  N 

80  i-:rjD 

'AT  oainT>le  t)rorjra;ns:     The  follov/inq  two  proqrams   illustrate  two  r^irn- 
:Uv— :dntleO  Mpr^roachos  to  writinc,  GAI  programs.     ]'rosont  and  discuss 
■:i«v%     Goto  that  uach  presents  directions  to  the  user,   and  tnen  a 
ioanenc^'  of  questions.     For  each  question  the  answer  is  received  and 

O 
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■  .■)i('c;k<  for  accuracy,  and  an  apfU\jpr  i  at  ''rowaid''  or  'Yhum  rihnUiui  "  is 
fivi'n.      Xoi-ort]:-;  of  total   rorroci    r  i^sporjiwi:;  aro  kr  nt.     At.  tho  ond  of 

pioafarn  a  ro|'fin  of  lliP  t.ntal  roruill::  is  juinLod  out.  Thpsr  car-' 
all   ffat.nrtv;  cH    alinnsf    all    <  *A  1   drill     rrKjrtUnf: . 

^0    iM-'irrr  ^Maisii  'i'Mfo  KriTiii'N  kkv  aft'Ki^  i^ach  ANSWj'ik." 

40     lAYV  C-i.) 

I-'H}-:  p].:]   -^'1  '3 
J'lO     iM-'AD  A,B 

70     '  KTNT  "W}IAT   I         A;    "  ^" 
HO     rri;-^^n'i'  k 

^^0      iV        -   AM^  THKM  130 

(  )')  r':<"iN^r  ''Tni:  co]<i^-:ct  an;;wi;]'  ir/';  ao^ 

1  on  ]>i/r  p^      ^  ) 

i  ■V'l  r>i-:  J  'i'r       n  in,  ^t'MAT  i  ;■■  'RRric^i'"" 

)  so  \}:XT 

170  i'l-LN'i"  "A  .;nM:.'*Aivv  ok  V'';^nj<  RiSMii;r."  koj,]/:^:;  . " 

■)  ^A■:^^  -s,  18 

OAT  A  r/,v 

:-:oo  aATA  -b,.'A 

.-aO   IWf-A  2,0 
.>S0 


ERIC 


XI T .B.26 


10  fO:M:     CAL      .11 1  PL  [  CAT  J  ON  DHILT.  [JSING  ]<!m 

30  PKiN'i'  "p[i:^n  Tiir:  -kj^tiikm-  pj'y." 

50  F0[<  N-i   'i>o  10 

GO  U-:T  a— 5+INT(10*raD) 

70  LKT  B---l  +  INT(9^R!>Jn} 

80  PRINT  WHAT   IS";  A;"  TIMI-:S";B; 

90  LNPirr  R 

100  R-A*B  THRN  140 

110  VRUyv   "NO/I"i{AT    r.S  NC/r  COsI-I-V'T" 

120  PKirjT  "Tiii:     >tc[^]':(:T  AkJSWi-;j<  i:;";  a*}^ 

140  PRINT  "G(X)i)^' 

150  i  j:t  c-cf] 

ibO  NEXT  N 

170  iu^'iOT.  ''THAT.■<:o^u^^l:TKS         Diu  '  •''■■-v 

180  Pf^INT  "YOU  GOT";C:;"   CORRj'CT,   OUT  OF  10  nur:STION 

190  I  vND 


XI  I  .B. 27 


Sta  r  t. 

i- 

1 II I  t.  i  a  I  i  z*^  fOiiiii.(»r:;  -iiul  ot  Ju  r 

1 :/ '  a  I  i    ( f  Yon  a  u  k  i  ]  i  a  r  v  r ;  t  o  ra  (jn)  or 
aonoraLo  tlie  next  <|uo5itio2i  to  be  prrv-roatod  ! 


■  r'rotDoiit  the 
\  question. 

! 

Rocoivo  student 
ro. soon  so . 


1  s 

i  t.  COT  i-ectV 


u:fOTnvuit  count  of  ^ 
correct  rr-^ponses, 

(■■ill. pat  a 
"  rov;ui d"  iticvj  sa<j« ; 


Incronont.  coiint  of 
of  i  ncorroct  rcspoiu 

^ Output  a 
"i^uni  slirnoiit '*  nossa< 


incjif}  «raes tio'Hs 
•  iji  this  C/Vf 
tosso;?? 

r;o 


Toll    ti^o  student 

''^o'.OBV  and 
output  a  siunrnar/ 
repf>rt  of  hiG 
vork . 

i 

:.tOT^  i 


^-another  trv^  ._ 
allowed? 

4  No 

OutT)ut  the 
coiTGct  ansv/or . 


Flow  chart  for  a  general  CM  lesson 


III  (/Al~-gprun-al  discuss; ion .     Pre^oni.  an  ovorviow  of  the  current  statiis 
ot,"  i/Al,   -^nd  1 1:>  cutrfMit   irnpacl  ufn)ii  tlie  'vorld  of  educatiori.  ^)ivQ 
soocial  attcynl.ion  to  tiie  PI.ATO  pr(j]oct  at  the  Uni.versity  of  Tllinois, 
and  Its  voiv  nice  student  tonninal, 

IV  CAl-~packagod  proqraniy.     If  your  computor  systcn  library  contains  ijome 
worthwhile  CAI  materials,  discuss  a  c:ourse  or  lesson  in  class,  and 
allov/  t'no  class  to  r\\n  it.     The  Pat  fUiopos  drill  and  practice  in 
arithmetic  grades  1-G  CAI  materials  v;ould  be  excellent  for  this  pur- 
pos  o , 

i         i-:eadincj:     Chanter  V,  I'ho  Computer  As  Teacher,    in  this  liandbook  gives 

a  good  i r\t roduction  to  CAI  and  related  topics. 
[I  Proarairiraing 

A,     Write  a  CAT  drill  and  practice  program  on  a  topic  of  interest  to 
you.     Follow  the  general  ideas   illustrated  lu  the  flow  chart  on 
CAI  , 

i'-.     If  a  computer  terminal   is  available   in  your  Svchool,   try  out  some 
CAI  materials   (from  the  computer  librarv,  or  those  written  in  A 
al:> ove)   on  several  s t udc n t s  . 
1^^211^  j1*     VAior^  you  begin  to  discuss  longer  programs  or  flow  charts  in 
c  i.  a  s  s   It   IS  h  i  g  h  ly  d  e  s  i  r  ab  1  c  to  prepare  h  a  iidou  t  s  of  them  for  the  class. 
Then  use  an  overhead  projector,  or  write  the  material    on  the  board  before 

lass  or  while  students  are  working  on  other  things.     Don't  waste  class 
tv:n<'  in  a  massive  "copy  off  the  board"  activitvl 

l'Sl-,J:L_llt::j^j''^!Z^:J']i      if  you  want  to  assign  a  major  "tern  project"  program- 

irig   1  -si  inment,  CAI   prr^vidos  an  excellent  opportuivity ,     All  students 
r>hould  he  able  to  produce  some  sort  of  CAI  material   (perhaps  by  very  close 


KM      ,  A'^ 


\ir\it.itLon  oi   Ujo  (^xamplos  prosontod  :n  class).     :;Lu(lont">:  v;ho  have  a  knack 
for  p  KjqiMnuirUiq  can  v)roduce  i  ntoror.t  i  t\ j  and  worLhwhllo  CAT  lossons. 

■intii:o  horo  alsv)  that  if  you  have   introduced  strincj  variat)los  then 
th«>  Ci\{    los^;ons  can  hv  mor(^  i  ntorost  i  iiq ,  and  allow  words  or  other  char.u;- 
li/'V  str  irvvi  to  bo   ty]uu:\   in  .ir.  answi^rj;   by  the   l<\'i:^on  user. 
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"vocLonj''    (lilso  known  ai;  one  (Ihiumas  i  onril    ari'av:?,  or  lists)  .     Allow  a 
iqni  t"i  c  int  oroportion  of  the  clasii  rnoot.ing  ti.jno  to  indLvidual  help  of 


;•: tiuion tL-;  workimj  on  prograimnirvj  problcirai'. 


I         M^vleu.     cJoloct  an  appronr iatf.'     ^anplc  and  discui;s  i.t  .     A  simplo  q-ano 
plcivlnq  proqrain  mlqht  bo  a  fur.  thii'q  to  pror;c?rit  horo.     The  1*:  pennior. 
q  unc-  wo\:ld  I  'j  aj:)ptr^j atc' .      Iri  t)ur>  q.iino  one  53t-irts  wi  t  h  15  [jonnios; 
t.h"    i^.^i^i^.c^n  '  rn  n,o  computor  alternately  take  turns  selcctinq  1,   2,  or 
\  f cnnies.     ihn  object  of   the  qane  is  to  force  your  opponent  to  take 
t  he   \c\st  penny »     An  c?xarn;;le  like  tills  can  be  dis(.:assed  by  qivinq  the 
stu'ionts  a  flow  chart  and  a  provjram^   and  tlion  tracing  through  the 
i'Vi-jor  parts  of  the  program.     A  sample  solution   ii;  given  below; 


10 

PRINT 

"THIS  GAMK 

I  r  J  vo  I . w  s  1  b  p  F  u  ^^  1 1-:  s . 

WliFN  IT   rS  YOUR  TUP:F' 

20 

F'RINT 

^'YOU  ^yVY  TAKK  1,    OR  2,    OR  3  PFri 

NIK:^  .      THi:  OnOFCT  OF" 

OR  [NT 

"TMF  OAMi:  T. 

:^  TO  i^orce;  your  CjPPO 

MFNT    ( IN  THIS  CASK. " 

A  ^  ! 

'^TilK  C0MPIjT1':R  )    TO  TAKK  TUK  FAS 

bi.J 

i'KlMT 

^'WOUr.O  YOU 

LiKi:  TH  PtAY  A  GAMK 

{YKS,NO) 

^  J ! ") 
7i  1 

iNiM.rr 

R$ 

fii) 

lAVV  q- 

IF  K^-- 

1  S 

^'r:*')"  (";q  'i'f  i  . 

1 L)/ 

qf! 

"V:OUFO  YOU 

MKK  TO  C;o  ^'^!T^T  (Yv: 

IMPIO" 

1  1 ' ) 

240 

1.0  J 

iO\i 

r-v^Y  oo  r  n<oi' . 

t  3r. 

inuoT 

"lOPUT  A   1 , 

2, OR  3" 

1  '  i  ^  > 

HIP  to 

M 

1  ^-^  M 

>  IOT{M)    O' ■  ^ 

T  )  3  70 

1.  (O) 

IF  1 

ro~^  39,;:^ 

170 

]  K  >!  >J 

o^::^  TO 

I'^O 
\'V'.} 

IF  M^ri 

LOT  0- 

c;-  TO  410 

0  " ; :] ; "  [ocr:Ni  }0>  on  t 

MF  BOARD. " 

.no 

IF  :r-i^ 

0"^   TO    3  2)^ 

2.^0 

":'20v    TT  TO  ■ 

TiiK   C^'OlPI/inR' S  TUW-^ 

2  r"* 

IF  0<- 

4       TO  2q0 

1  m:;t(3*po:o 

V 

'^ki:;t 

^'THi;  C'7'MPl7r 

I0-:  TAKO^   "  ;>0  "  PfOO:! 

270 

I  PINO 

"TO AT  LFAV;: 

2    "  HO  "   rOrOMFS  ,  :^ 

W   IT  '  0  ViOiH  TFRO.  " 

■"  "i  "i 

.0'.t> 

I.FT  V- 

:>] 

'1 2i 

IF 

00  TO  ^^V^ 

3  10 

GO  TO 

250 

i  20 

pRirrr 

"THAT 

F:NDS  TUK               THI-:  COMPIJTKK 

^  ^s  ) 

TO 

Pi-:IMT 

"TIIK 

:  I AST  ] 

T:NriY,  niu:;  y 

r>n 

PKTNT 

Hi', At  PN    Flip  COMPU  I  r.H  .  , 

1  ( 1  ff 

U'^J ) 

i>>  TO 

i  7 ' ) 

IMvT'iT 

''Tiii: 

M^)VP  MUST  l\K  hi]  IN't'Ii^j!' 

'■ ■ 

1  y?f 

'   K"  Nr^r  A   !,i-v;AP  M')VJ'::  ! 

<■;-)  TO 

1 1) 

"TMPi; 

t:  APi:  *pvr  'i^isat  mai^y 

:nnik:;  i 

■.PI^I'.  V^'Iip" 

pf'i^rr 

Tt!  IS  TURN  CANrpyr  KXf"!' 

,\  in 

ppt:vr 

ri'  :>T]M:R  r>')         want"  ; 

4Sf) 

Voctor.)  in  P^A:Mc:.     '['iiis  is  an  excellGnt  topic  to  introdvico  by  raoan 

of  an  oxanolo  that  is  cUfficult  or  impossible  to  do  without  voctor 

.'!.u:fi  a  :.^rc-o  lorn  foPlov;s: 

vvi  i^o  a  r:)rogra:n  t;o  input  hi  rtnd   t\un\  iiraU:  11  Dtudont  boriy 
rUi/ihors  and  th':^  :-orroSf)ondlrV{  sc-orcs  inado  t)y  thoso  r;tu- 
<-  i Q !")  t:  ^  < J II  a   t c) .s  I .     Co rn { ) u t  e  a d cl  o 1 1 1: t  > u  t   t:  h c /  c  1  a n  :s  n a n  > 
rhr-ri   tor  '^«u:h  studont  ^Mittait   ipr^  :;tudont:  riuia})or  and  tVu> 
d  i  *  f % ' r o r K ' f '  1  - 1 ^ L '-v o f n  tin.:*  stud c n f  *  ."^ ;  s r / j r ; o  a n d  t. h e  c  1  a i ; s 
r''(.'ari  . 

'"ir:il..  ;.;  I'-: -r^'vP    t,Mt'  r-r^oldi^ri  <iad  v/i '14:  oaf.  a  r^oiution   to?-  {]](•  :i])iH:i,:i] 
■         a    > ,    rica    n  m  tm  Vf:ctt  >r a-^ . 

10  r.)iP/ 1 A7^ t !'T<^>m  twi:  Mr:A:i 

/"■■^     IT'TPT   "PUP>f;[-  /,  TKS'i^  aCOKK  .  " 

4^|     PPTTf  ^'L'PniT  A  SB':  AMP  'UPPf  Prapi;." 

.0    iM'PT  :;:^:-2 

AO    f'RiNT  "'i::apa-    A  aio:  A::p  ^ii;;AT  .-capj:/' 
70    iMPiA^  ::3,r^3 

jj:  -  A  -    (Sl«  A2rS  n  /'3 

PPIPT   "  THP  c;PA^^a  P;OAM   1 .3  "  ;  A 

P'p':^  pKf  rr'  "ppn"  ,  "PKV^ATR:^:" 
i  P' .1  p P  lav  a  j  , .:'  1- A 


140  ip.n 
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:he  key  ::oint   is  that  the  lenqth  of  this   -i^^  lxition  is  pro} -or t  ional 
t  J  th.o  iiurri:)er  of  stu'ionts  m  the  class.     In.viino  the  tynino  en'ort 
it    Micro  were        st:u-iont.L;  m  the  class.     Also  jioto  that  using  tJiif> 
"nodol"  requires  the  projran  to  i.-e  v;ritton  3;;ecifjcally   for  ci  oarti- 
cular  :;oxt  contrast  the  above  with  a  solution  usinq  vectors. 

10  UE>U      [}r:  VI  AT  I  ON  FROM  THK  MKAN 

20  DIM  -UlOO)  ,  S(IOQ) 

^0  Ki^M:  NO  MORi:  THAN   100  ST^JDK^^.■ 

4')  PRINT   "H^W  MA?;V  STUDHNTS    IN  Tl\l\  ^Lh:^/''; 

'jO     invut  t 

v;0  }'OM-l  »1  IV J  T 

VO  '  KTNT  "INPUT  A  S3N  AND  TEST  ::^'"'R]-:." 

TN}-UT  N(K)  ,S(K) 

J:)  NtNC"  K 

100  ^i:M:      HKRi-:  WK  i'fJM  THK  SCORJ^S 

110  NKT  A^^O 

i:^0  r^  'R  rOO    '!'0  T 

1  30  LKT  A-AK^  (K) 

j  AO  ':k\a  k 

I'-o  't:N:    cco-^i^urK  t\:k  ciass  mkan 

100  i.Frr  A--=^A/^ 

170  PRINT  '"vnv:  CLA^5:  /t::AN  is"; a 

I.'>0  PKN:    C'^^'S^UTE  ArJD  OUTIOn  DhVIATlONh 

l^")  PRINT   "SBN" /'DEVIATIC:;" 

.,;^'P  :■        -r-l   TO  T 

::iC  V^RINT  N  f:0  ,i  <h)  -A 

220  N-:>pr  :■: 

2V'  FNO 

TPiC  abov'e  rroqr^::n  is  rer  resent  at  ive  of  the  statistical  programs  that 
can  be  readilv  written  in  BASIC  and/or  whicii  one  will  find  in  a 
conputer  systen  librar\^.     The  use  of  computers  to  carry  on  statistical 
conoutations  is  one  of  the  najor  u.-^os  of  computers.     It  would  be 
jporooriate  at  this  point  to  provide  a  handout  on  sone  of  the  lihrai-/ 
statistical  proqrans. 


I  j  i  H' s :      ff    J  I '  ro-j  tMi'iT!  i  Tiq   \  i  :  ho  i  n  f   nsod  :;tur]onts  ;ihou  1  d  fjo  dir- 

M       :  ■  I '  I  !a:iijni  iv:} ;     Tii'M:^  cxorciijos  art^  doniaiiod  t:o  T)rovide  f  ami.  1  i  ar  i  x  i  Li  on 
^vifii  th'^   idcvi''        v-'r^ori.;,     Ausitjn  a  couple  of  virohlcins  of  a  decree:  ot 
d i    t'l  c\i  1  ty  jniai  lar  to  the  tollowinq, 

I,     .•.'ritt.?  a  ^j'f'jqrain  to  TNTUrr  10  niirj^ori^  into  a  vector  and  then 

r^riMt   t}io  r.unher:i  out       rr-r  lluo.      (Hint:     use  of  the   "print-corninri " 

o; -t.  ['■■•i .  will   nTT)duce  ^  tH'r  lin^-  rjUtpait). 
,     Writ  r-  a  r!  v.vn*aiT;  to  RKAU  12  nu!^^'>r  s  into  a  vector,   and  then  <r)t!>ut 

then  in  1  :i e  re V'.^! rse  of  th< ^  i r    ' r i a  i na  1   o rde r  { i  .  e .  ,  ou t {,>u t,  tl ■  ^ •  1 I h  , 

t!i-  11th,   the  10 til;  etc.  J 
^.     o:^^  t]i<-  fnnetior:   to  rnit   t^)   raiadom  narnbers   into  a  vector,  'rhen 

out  t  ut    i]  ]         the  values  t!ei^    arr^  >  hrien  outi^nt  all  values 
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rcVl/rri.S:     c:ontinuo  vs'orkinq  on  iiso  of  vectors.     Illustrate  several  major 

)nl  i cations  of  ve( itoriw     :-pcnd  some  t  ir>o  revi*,^v;inq  t]\e  course. 

Iiiclrjxlnq  into  a  voc:tor.     Problons  involvinq  doin-|  fronuoncy  coiint.s  for 

i^ovoral  or  a  lar^jo  iiLiri]>or  of  catcqorios  can  oft<:?ii  be  done  simply  using 

vectors.     The  following  example  illustrates  the  point. 

I'")     KKM;      KKr/H.Jr:NCY  COUNT  IN  Oil'  T^X^SING 
:!()      KKM:      SiMULATFo    100  TfiKOV^S  OP  A  DIi: 
30     DIM  r(G) 

-0    riyr  i'(k)-o 
70    fOK  K-1  ^ro  100 

HO     IjiT  T^-   1-f  INT(6*PM)) 

00  ia:t  pCD  -  f(t)  + 1 

100  Ni^XT  N 

110  POP  K-^1  ^ro  b 

100   rOUN^^  "Tlfi:  riVmEU  of   ";K;"'S  W/\^";F(K) 
140  i'OD 

r '  X 1 v'tne  va  1  u  r '  s   in  a  ve  c  to  r .        i  n  i  i  iw]  th  o  max  1  in;  i  m  ^  >  r  m  i  n  i  num  in  a  list 

1  :^    ;ood  T:iractice  for  the  nore  mportant  orol>lejn  of  ordering  a  list. 

^  ordering  a  list.     Tlii:;   is  one  of  fOiO   ""classical"  f>roblcra'::  of  most 

r^)dnr:?  o r V  nrogra:^  ,ng  courses.      It  makes  a  qood  final  exanple  to 
0 "  ^ ioTi (-?   1  Ti  c  1  as s  by  ti i o  i ris t r u c to r .     A 1 1  s t ud e n t s  can  understand  h ov.' 
to  do  a  -sort   (say  order  tron  largest  to  smallest)   by  bund.  But 
traris  1  at  inr  this  into  a  conputer  n  roc  ran  is  a  naior  task.     It  involves 
careful  crobleri  analysis;   too  do'.s'n  arialysis  ar^d  pro):>le:r^  segnienta tion 
a r e  ve 11   illustrated  in   th  is  p rob len . 

The  genera,   sorting  problen  also  provides  a  ;>lace  to  discuss  briefly 
v/hat  conputer  scientists  do.     There  are  entire  books  on  searching  and 


■i.it..i   (j^;  (::n«::i  nii'jht.   fiiuJ   in      uu  i  Vt^-j;  i  Ly  ^   or  school  dii;t.r  iv-jt }  . 

i-.'".^  sure  to  p<jiiit  out  that  ordt^rintj    1  i^^its  of  iaii^:>ors  aivl  alphatjc  ti.?.i  nq 

a  list  of  names  art*  noarly  the  sarno  0  rob  Ion, 

i'ovi^^w.  Makr  an  outline^  or  list  of  thf^  hiqhliqht^:;  of"  tho  course.  Tf 
<i   r  ►^:<vU"i         fn  tr-  (pvc>:i  :  i.ik('   :t  '-■:U:'"it  v;  U  1       >  i  '  >Vfr<.'fi   in  t.lic 


irv;  a  -^i:  for  c.irrvin.3  out  a     tat  i  s  1 1  ca  ]    coi's;  aita  1 1  on  , 


1  -a   as   t  lio  OIK" 


I  will    di  :>f 'U';:;    u;       a'^^:-; )  ar<> 


T J  t  obc^lj  1  y  u«at.   sa  i  ♦  >  "  i 


J  '  . 


^■■l^^iJjJ!:}:'^  typical  course  tho  finaJ   class  inoetirvj  win  he  dcvoM^r? 

to  tyinj  ur)   loor,o  ends,   answoriivj  last  minute  <(uo:5tions,   lirsUnq  and  (iiri- 
cussinq  a  few  topics  the  course  did  not  covor,  discussing  por.sibi li tior> 
for  further  traininq,   ovaluat:ion  of  tho  course,  evaluation  of  the  course 
instructor,  and  evaluation  of  the  students   (a  final  exam?). 


r^^ctlOll  C:     /distracts  of  I'olati'd  articles  fof  C]i.i[)ter  XII 

":\\nput:t->r  ildiication   t'or  'P^Vichc^rs" 
'Vhi'    I.in;>act  of  Coinpiitjor  ^U/ici\(Mi  Kducatioi;  nn   chc  "*urricuhun 

At.  eiiisof),  W. 

■1  A    ^.nd-'   to        irh  ur-?   Abv>Vit    ('r)nii  o  u  ;  ■  n;    in  .U-i'ont].iry  Schools 
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Aru' f  1  C'Xn  redcratior:  of    I  ii  to  nn-.i  L  i,or»  ;  si  ny  ';t")ci.oti      ,  inc. 

"<Jo:aD;j  t.  or  Kduc^tticui  tfor  Teachers" 

.M'i   .^iiiEut   Ave.,    :i>:it.va](',   M.    J.  07(»^;s 

'Iliis    )ui<io  ii;  ijjLcivIlvI  for  t]iOS(.^  fKX.M;lo  ccjiux'-rne^l  v/ith  nlanjun'j  cor-.- 
:  u'.'.'C  f;ou;sct^  tor  toachci:  IrainirK?;   at   Lhe  iKuriii  i.ino,    it  can  readily 
nscd  for  nlanning  conputor  courses  for  a  iii/(h  school  curriculum. 

A]  1  students  need  to  understand  tho  nature  and  the  US(3S  of  co:a)Mit(?rs 
in  modern  society.     I'ov  tliis  reason,    it   1::  osseatial  that  teachers  of  all 
:^ui>iccts  luivo  a  knowledge  of  conputors.     Stich  instruction  should  be  in- 
cluded, in  tlie  initial  training  of  teachers  and  should  also  he  available 
t''  tea^-hers   in  service. 

'i'lu'  rollowintj  coiitent  should  be  included  in  an  i ntroductoi-y  computing 

Inforruition  processing  (history  ^^nd  need)  and  the  nature  of  tlie  digi- 
tal corrrutcr  a.^r"  an  automatic  information  processor  (taking  in,  processing, 
(ivin  7  out  information)  ; 

The  analysis  and  organisation  of  information  and  what  contr ib\3tiojis 

th e  comt-:> u te r  can  nak e  ; 

The^  g'.>neral  characteristics  of  a  orog rairuni ng   language,    the  noed  for 
1  uiTia'JO^i  that  relate  to  tho  machine  on  a  one-one  huisis   {asscJ'ibly  ar^d 
■M'  i.ir.c   lan-jua^jos)  ,   and  the  need  for   languages  that  tacilitate  tho  cominuni- 
^'■'nion  of  tlie  r>roblcni  itself  to  the  computer   (e.g.   BA^SfC,  FOOTHAN)  ; 

"i'he  influence  of  thc3  computer  m  education,  and  its  effects  on  society 

:.'ome  successful  methods   for  teaching  l^asic  computer  concepts  to  tho 
St  udent s . 

In  surjnarv,   this  article  can  be  useful  both  to  the  teacher  designing 
.X  fx 'Winning  comr)iiter  science  course  for  teachers  or  for  students,  and  to 
t];'    teacher  already  instructing  a  computer  science  course. 

Jay  Pee  Smith 


X  I  i  A\  i 


A I  v:t\  i  sciti ,  V/  i  I  1  i  am  1' , 

"■iMifi  i,sf- I        Torichor'  Vol.   o^)  :  i^^  ,    i,   January    1  v)  7  .5 
}   i.jt^s    7;    H  I  -?n 

( 'on  1 4i ric  r     liavo  rjOv:oi'U'  ar:   inn^orLant    force  in  our  HocioLy  and  • 
<  ^cjiKMf  i  nnal  t>?'fx;os':  iO'ould  hoqin  rid' 1  ort.inq  th\y,   ir,  t:(:.ichin<}  about  'tjnpu- 
^  '  ■  r ,    t  lit'  I  r  1 1  s  o  ,   and   t  h     a  o  c  i  a  1    ro  1  o   1 .1 1  o  y  pi  ay  .     The  irior,  t   1 0(]  i  c  a  1  i  >  c  r on 
i 'n  (Mm/  C'OiXijvat.e  r  sc:i(Mu:o  oducal  ion  i.  nlo  the  so  concha  ry  scliool  is  the  rn<il.ljo^ 
r-uit.  If.':;  toacdior  s  i  nco  ho  oar;  roadily  learn  the  notliods  of  computer  .scie^oo 
and  nv^fj  rfif'm  a:,  a  too]    in  liis  toachiriq. 

At.  ia-«^:a'nt   a  toacVior  trainiriq  prtjblon  oxi>u.;;   m  (;ur  colloqos.  'i'im- 
V.'orlfl  Con  for<'no(>  on  Computer  prhjcation   in   197iJ  !;al]'^d  on  oduoatorn   to  r.n,- 
vid*;  tin  oarly   ird  roduction   to  f'-aniniulc'r  s<:ienf  f^  a;)  an    idUocfral  [nirt  of  tH-ti^ 
<aal  (HiuoatitMi    in  'oriinaiy  vind  socondviry  schooln   and  to  attempt  to  ns(^  r-oin- 
p  a  t  i '  I    a  I  d» ' d  a  r  •  i  i  v  i  \.  i  m :   )  n  t h  o  c:  1  a  s  r <  Mo:q  v}  i  o  ri  a\  ^ ] ;  rop  r  i  a  c  .     A  V;o  I'k  1  n q 
Croup  .>n  ;d.--(;ndarY  ]:ducation  v;a:;   sot  up  }>y   the    Internationa]  Fodoration 
for    infon-^ation  Procf:>SJU nrj  and  thoy  quickly  rocxujn ia^^'d  that    tlie  biqciost 
pr(;t)lt»m  ansooiativi  v;ith  td;o  r;f   comiiut^rs   in  liocond-iiY  odvicaticir;  v;an 

that  of  t,(>aci^or   traijiinq.     Conncquont  ]  y ,    in   pt/o   Hicy  iu>>lashod  <i  Pooklol 
"Confni tf^r  'iduoation   in  ,:rM:ondary   S<;hooPi~-An  'utlinc?  Cuido   for  'f^oachor';" 
v.'hioh  })a:;  since  ho^jii  r(ndi>od.     Tfioy  arf,^  t\ow  in  the  process  of  doveJojdnq 
a  sories  ^d    t^r^;  txioklets  to  supjjlcnent  this  quide^  whicli  v; i  1  1   then  Ijccoin*- 
tin?  r-vnd.or;t.   of  a  col  loqo  course   for  secondary  t:eachors   faced  with  \hv.  priK}- 

of  '.-ociouter  education   in  thc'ir  toachinq.      It:   is  \i<>\>i'6  tliat.   this  ^j'-'ria^n 
wild     "aJ  1   att:oiition  to  the  noecJ   for  corMaPa^r-soiqiistioat  ed  teachr»rs  ,irid 
that  as  d  r^'sult  many  coLleqGS  wLll  (*5;tahlish  ^  oursf^f;  v;ith  th»'^  exjuess 
:  in.;ost^  of  pr<q>arinq  hiqh  school  and   pini<:)r  liiqh   school   teachers;   to  tcafh 
rjMrqui  r.  * '  r  scd  oric*.* . 

V/^  ■    ;anrtot  afffjrd  to  tr^ach  ooir^jvater  scien<>'  poorp/.     v;v:  mast   Itsirn  frr^r. 
J  j  a .  t:     X  p  t }  I  i  o  I  \  c  o  :   v;  1 ;  c  n  the  '  h:i  e  w  "  m  ^  t  h  v;  as  i  np  r  on ' r  I  y  t  a  a  (/i  it   it  a  1  i  f  m  i  a  t  e  f  1 
mafiy   fron  math   for  life. 

'viiae  colliMjv?s  are  viouvj   somc^thinq  ^ihout   the  r^rohlem;   and  m   faot  it 
IS  po^nnble   to  obtain  a  masters  degree   in  the  teaching  of  comriut  or  sci- 

in  a  f^-w  ;>laces.     Hut  not  onou<|h   is  being  done.      It  is  ho;  -v]  that 
:*;e-re  '-odb^qes  >; i  J  ]    jiiStituto  courses  designed  for  teachers  at  three 
i?ev>^ls:      \)    those    t^/achers  who  will  feach  computer  apc-roc  i  at  i  on  or  coi-^pu- 
t'u:  literacy  <.ourses;       those  teticn-:rs  who  v;ill    ise  computer  methods  m 
tr^eir  cours*:-s;   and  V    those  who  will  teach  computer  science  courses  at  thv 
hi  qh  s  ^;hoo  1    I  eve  1  . 

fJoii  Gallaqher 
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'  ^  S'^  _Tnadii.fia  Ah  qut_  Com  pi  it  evs^  in^:^cconda  r  v  Schoo  1  s 

M>acii:5  Computer  Coi-f:)orat ion ,    197  3;    1^37  7)'  $12/35" 

Donalci  Spencer  has  boon  actively  engaqcd  in  the  computer  science 
education  field  for  over  15  years.     He  is  the  author  of  a  number  of  books 
in  the  field.     In  this  book  he  presents  many  of  the  f und^ainental  ideas  in- 
v'olvod  in  th^'  instructional  use  of  commitors  at  the  secondary  school  level. 
'I'ha  book  contains  three  chapters  on  Coiiiputor  Science  in  the  Secondary 
■Mriiool  Curriculum  and  six  chapters  related  to  .Methods  of  Teachinq  Comj>uter 
^'cieIv.:o.     Most  chapters  are  relatively  sliort,   and  tlieir  content  is  limited. 
A  chanter  on  films  and  a  chapter  on  secondaiY  school  texttooks  are  parti- 
cularly useful.     Sources  of  free  and  inexpensive  materials  are  given. 
A  iiurJ;or  of  the  chaoters  contain  information  that  is  already  evident  to 
alrrtost  any  teacher  v;ho  has  been  involved  in  the  computers  in  education 
fifld.      lii  tliis  regard  the  book  is  somewhat  disappointing,  as  there  is  con- 
iiderji)lo  need  for  greater  "content"  material  on  the  topics  under  considera- 
tion-   This  book  IS  also  somewhat  disappointing  in  terns  of  its  quite  hiqh 
o I  1 c e/ pa  qe  ratio. 


David  Moursund 
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Mike  Dun  1  a])''' 
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Mike  F'Unlap,  Department  of  Computer  Science,  University  of 
Oregon,  serv^ed  as  Fditor  for  this  chapter. 
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SHtVnON  A:  BOOKS 

by  Ron  Hoys 

[nt ro due t  Uu ) 

Tb.e  intcMil   of  t!iis  scctioi)  \<us  to  choose  a   liinitcd  nnml  cr 
of   textbooks  and  write  revioKs  to  give  some   idea  of  their  suit- 
ability  for  i;sc  in  tlie  liigh  school   classroom.     \o  attempt  was 
made  to  give  an  extensive  bib  1  iograph)'  of  coininiter  science  hooks. 

A  coniprclicns ive  bibliography  of  computer  science  books  is 
ava  i 1 ab 1 e   from : 

'Ihe  National  Council  of  Teachers  of  Mathematics 
1201  Sixteenth  Street  N.W, 
Washington  ,   D.C,     200 3 f) 

Also  [he  Pi  rectory  of  Data  P rocess  i ng  Iklucat  ion  ,  second 

edition,    1972-7?,   is  a  good  guide  tc  computer  science  books  in 

print.      It  is  available  from: 

Data  Process  ing  [ior i  zons 
P.O.   Box  4123 

Diamond  Bar,  (California  9176F) 
"  fhe  pur)>ose  of  the  directory   is   to  provide   the  data  professional 
uith   the  wherewithal   to  keep  abreast  by  continuing  and  broaden- 
ing his  education  and  knowledge;   to  aici  th.ose  responsible  foi' 
the  education  of  new   individuals   into  the  ])rofession   in  knowing 
of  the  materials  available  to  assist  tfiem  in  this  endeavor/' 

Another  source  of  computer  science  books    is  (Compute  r  _i_n - 
^_L^'i!^'^iiL^^-l    lyi  ann  i  ng  and  Prac  t  i  ce  ,  Judith  h.   hdwards  ,   1969  , 
ava i 1 ab lo   f rom : 

Northwes  t  Regi  onal  liducati  onal  hahoratory 
4n0   Lindsay  Bui Iding 
71(1  S.IV,   Second  Ave. 
VoYi  land  ,  Oregon  972(M 
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lu .vn:ws  ov  ^vaaxtva)  hooks 

Alin-ocht,   Robert   L.,   I,iiull)erg,   l:ric,   aiui  Mara,  Walter 

Cojiiputci'  Mct_hocls    i_n  Mathematics  ,  Acldi  s  oji  -  IVes  1  ey  Publisliiiu;  Clc, 

19(1 9  ,   2(M   pp.  ,   S4  .IKS. 

This  hook  is  desiyntul   for  jK^oplc  wlio  vv^ish  to  lean)  how  to 
use  computers  as  problem- solving  tools.      It  may  also  be  used  as 
a  prinary   text    for  a  course   in  coiiiputcr- ass  i  s  ted  problem  solving 
or  coiiiput  c  r- 0  r  i  ciU  ed  matiieinat  i  cs  .     This   text  could  also  be  em- 
ployed as   a  supplementary  text   for  mathematics  courses   in  which 
the  computer  is  used  to  demonstrate  concepts,  or  where  the  com- 
l)uter  is  used  as  a  laboratory   for  experimentation,  discox^ery, 
ajul  the  solving  of  mathematical  problems. 

fhc  iiian>'  examples  arc  comjUete  with   flowcharts   and  actual 
solutiorr^   obtained  by   the  computei'.      I^xei'cises  arc  graded  into 
three   levels   of  difficulty   and  arc  ]irosented   in  s])eeiiil  fashii>n, 
each  building  upon  the  previous.      11   seems  that   the  book  w\is  de- 
signed  for  the  high  scIaooI   student  who  ]\as  had  at   least  one  year 

0  f  a  1 geb  r a  . 

i'avidson,  Charles  li.   and  Koenig,  fldo 

Cop-put  vr  s  :      Introduction  to  Computers  and  Applied  ('omputing  Con- 
v:L|>ts  ,    i  olui  iV  i  1  ey  and  Sons  ,   190  7  ,   o96  pp  .  ,      1  2  .  50  . 

.\n   intensive  survey  of  conqniters   recpriring  only  high 
sciiool  mathematics.     Here   is  a  clear  explanation  of  wiiat  compu- 
ters   are,    tlieir  uses,   and  tlic  extciit  of  their  social   and  economic 

1  liij^^  1  i  cat  i  ons  . 

This  text  was  written   for  college  students  hut   it  could 
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.serve  as  an  introduction  to  computer  science  for  selected  hi^h 
school  students,  uitli  ample   freedoi]!  for  the  tencher  to  select 
tliose  aspects  of  the  subject  ho  wlslies  to  eni]")has  i  ze  • 

rOHTlsAN   is  the  ])rijici)Kil   languaj;:e  used  and   is  introduced 
in  the  second  chaptci*.     The  inaterial   was  developed  to  give  a 
student  a  working  knowledge  of  proyramiii  i  ng  and  illustrates  uiuhM- 
lying  concei)ts  without  matliema  t  i  cal  rigor. 

i'orsythe,  Alexandra  I.,   Kcenan,  Thomas  A.,  Organick,  hlliot  I., 
and  vStcnberg,  Warren 

Computer  Science:     A  r irs t  Course ,  John  Wiley  and  Sons,  Inc., 
1969,   5S3  pp.  ,  $10.50. 

Here   is  a  textl'/ook  tliat  is  definite!)^  geared  to  the  h  i 
school   student.     The  book   is  an  outj^rowth  of  a  School  Mathemat- 
ics Study  Croup   (SMSCO   program  begun    in   196'1.     Mucli  of  tlie  mater- 
ial  In  tnis  edition  was  contributed  by  committees    involving  many 
people. 

The  thirteen  cliapters   that  make  up  this  book  are  divided 
into  three  parts.     Part   I  or  tlie   first   five  chapters   is  a  basic 
introductory  luiit.     Chapters  six  through  eight  mkac  up  part  II 
and  deals  with  numerical   ap]U  i cat ions ,     Part   III    is  devoted  to 
nonnumc  r  i  c  a  1   appl  i  ca  t  ions  of  comj)Ut  i  ng  ,   s  N'mbo  1  man  ipulat  i  on  , 
representative  of  the  more   recent  areas  of  computer  science  re- 
search.    In   its  entirety  the  thirteen  chapters  of  tins  book  con- 
stitute a  challenging  first  course   in  computer  science   for  stu- 
dents with  a  good  mathematical  background  and  plent)^  of  time 
and  energy.     Part   1   alone  would  provide  a  challenging  one  sem- 
ester course  for  the  average  high  school  student. 
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i:c)jiii)aiM  on  computer   Umyiiagc  supj^  1  oir.cnt  s  such  as  BASK', 
ro[rn:A\,   V\J\,   COIUM.,   :uu1  prdvidt^   tJic  specific  syntiictic 

iklails  of  coiii]nitcr   laru^uai^o.     The   flow-chart    lanj;uagc  used  \\\ 
tliis  texthook  deals  only  \<it\\  concepts  of  central   interest  to 
a  I  ]   p  rog  rainin  i  ng   1  angiia i;os  , 

A  bi^;  advantage  for  a  beginning  teaclier  of  computer  sci- 
ence is   t])e  availability  of  a  detailed  teachers  commentary. 
Part  oric  of  each  teacher's  comine]\tary  ciuipter  parallels  tlie 
student    text   section  by  section.     liach  section  lie-ins  v;ith  a 
sliort   suiiunary  o  I'  tlie  corresponding^   flowchart  text   followed  by 
general   comments  and   information.      I'roblems  aiul  exercises  of 
special    im]>ortance  are  emphasized.     Detailed  remarks  and  ajnpli- 
fication  of  solutions   to  student  exercises  are    found  here,  Sup- 
l^ilementary  exercises   are  also   found  in  tlie  teactier^s  comnieii  t  a  ry . 

Much   ti^ouglit  has  gone   into  the  writiu}:  of  this   text  aad 
authors   seem  to  hQ  able  to  anticipate  the  [^roblenis  a  teaclier 
will   have   in  teaching  the  course.     Althouj'Ji  tl.is  book   is  four 
years  old   it  would  seem  to  i^e  a  good  choice  lor  a  computer  sci- 
ence t extl:)Ook  . 

liC  a  r  ,  e  .   IV . 

IL^  ^  ^_9J^^  jL9.  C  oliiput  e  r  Sc  ience  ,   Science  Research  Associates, 

Lie.  ,    li)7  3, 

in  introduction  the  author  5a>"s,   "  ■  ne  objective  of 

tins  book   is   to   introduce  you   to  tb.e  basic  j)rinci]>les  of  conjpu- 
ter  usage,''     WlK^tlier  tfio  student   pl^iii^^^        major  in  computer  sci- 
cJK'e  or   is   takinf^  it   as  a  terriiinal   course  this   introductory  ma- 
terial   is  ar)propri  ate  . 
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Ti^r^paii  \  <>M   cor.^M}  [  v  y    \  an  j;u;\       sn])i^  1  ornoiit  s   such   as   KAS^  1  {\  , 
i'-^     I"  i \  .    IM./l,   Li^ROI  ,   .uul    M.ilrM,  nruviJo   tlic  SjU'cific   s     I  af  t  i  r 

([;!s   ti.'\tnvVi)k  (K' a  1  s   '^nly  \sitli  i.'on^'rpts  of  (.'cutral    inloi'cst  to 
J  1  !    [n au^  rars:!i  i  Uii    1  aiu;uai',os  . 

.\  h  i  J,  advaiUa^^o    for  a  bo;^iani{iL^  t  oachor  of  coiiiiMitor  sci- 
■ricu    IS   t  lu;   a  VM  i  1  at)  i  1  I  I  y  (H^  a  detailed  Icaehors  coiiiiucii  t  a  fv  . 
V;.\v[    one  of  oac!)   ttNuiior's   c  o^innon  t  ;i  t'n'  chapter  parallels  tlic 
stiuh/!it    t^'Xt    seetion  hy   section.      !  ach  st^ctina  he>\ins  with  a 
-[;or{.    sii;i:ii:arv  o\    the  ccmm^c  sj-ojul  i  im;   flo\.s'hart    text    t'ol  lowed  h) 
^;ciic  {•  a  i    C{)vm<:n  I  s   and    i  n  f  o  ruia  t  1  lUi  .      V  roh  1  ciis   and  c  \e  ix'  i  se  s  ci ; 
pc  V  -  i  a  1    i  mpru"  t  a  fi  c     are   eiupha  s  i  ::ed  ,      iU:'  I  a  i  led   it  ma  r  k  s   and  ai:  p  1  i  - 
t^iv'atioa  oi    sol'ations    to   sludciit    cxcM'cises   are    fcMJudi  here. 
;m  ^vner)  t  a  r\"   vxcreises   arc   also    foiuul    in   the    U^u'hcr's   eoiicrcn  t  a  r\- . 

Miudi    thcniL^iit   ha^-   \iouc    into   tlu-  writini^.  o\    tliis    trcxi  afid 
'  i\c   authors    '-eei:'   to   !u;   able   to  anticipate   IIk^   jn'ohleiMS   a  leachei" 
>  i  i  1    na\a'    n;   teacliiiu:   ihc   com-se,      \lthoii;;^ii   tliis   book    is  foui' 
:-^ai"s   i;h  d    it    vauild   :-^e;.sn   tc  iu'   a   ;L;:ood   clicnce    I'ni'   a   c  uimjmi  t  »' r   sw"  i  - 

^S.v■C      I  C  A  t  i-^.>0r.  . 

r^v  ,    c  .    W  . 

i  jj  I  rcniuc  *  i  (  li   to  coiiipn  t    r  .^c  i  ^^wice  ,    S^.-  i  encc  lU  sea  I'cfi  As  soc  i  at  cs  , 

la   tiH'    J  ill  roduL^  t  i  oji  the  aiitiiO]*  sacs,   ''thc^  olijectivL'   o  i' 

tans  iiiiok    is   to   int]a>diice  yo\i   to   tiie  basic  i^rincijilos  of  conipu- 
U- r   u:-.a^;L.''     Wlicther   tiiO   sUident    plans    to  inajwr    in   coii^putcr  sc  i - 

■■n.a'  iM*    is    'akin;;    it    as   a  terniina!   coursic   tliis    i  n  t  r  odiic  t  tn*)'  na- 
t  e  !"  i  a  I    i      a  ])\')  vop  r  i  a  t  e  . 

O 

ERLC 


X  t  I  1  . A. S 


lliis   v.-i)i]ipiit  LM'  science   text    is    inteiuleil    t  <^  be  used 
ecvnpanien   1  ani^i^i       jiianuals  suel\  as  T^VS  I  (/ ,    1  (^IM  lsA\\   Ti./l,   ,M,(iiM  , 
or  WAirOK.      I  lie  aiitlnM"  assumes   no  speeifie   p  i"e  t\Hiu  i  s  i  t  es    in  ::iath 
or  eeiiiputer  seieiiec^   t)c'eai;se   the   fiatei'ial    is    1^"^  r-  a    first  eeur^>r. 
AitneLM;h  uitluMit    twe   or    thrive   yea  ["s   vM"  iii;.;!:   sehe:\i    nia  t  hena  t  i  - 
one  \%ouKi  have    to  skip  eiia[^ter  n  i  lu^  on  luinieT'ieal   snetluuls   ei    t  i^e 
s  t  lulen  I   isoii  ]  i]   he    !  os  t  . 

Die   t  e xt    eo \'e  r  ^•   et^i^piit  e  7"  o r  yuui  i    a    u  )ii ,    1"  1  <^v,  e h  a  f  t    i  a n i:ua  i\c  , 
e  ■:>■::  |ui  L  in  ^;  systems,    e  i'  vo  ]'s  ,   data   s  t  laie  I  u  r      ,   n  cm  -  n  i  iiiie  r  i  e  a  I    a]>p  1  i 
cation:^  and  nunierieal   iii^'tdiods.      This    is   a  ear'elAilly  planner!  hin)k 
trial  woalei  i  =  e   aj^p  ropr  i  a  t  e   fer   use    in  a  \\{  i\\  ^eiuKjl    e  v^ir.pu  t    i'  sei 
ene«j   v.'out':U^  provided   the   stLulent    hadi   a    i'aii'i)'   sti'oni;  !  aekyj'uuidi 
i  a  Ilia  I  I  i  es  . 

i-i  i    \  ;  :i  ,   An  i  hony 

I  nlrociuet  i_on   t  u   V  roj;  l  aiuiu  i  ni;   and   Coiiiput  r  r  Se  i  i^miv'^,-  ,   ^Iciii'aW'  li  i  I  1 
iU>ok  to.,   New  "sork,    H)  7  1  ,    aJa  (  h  ro::]  i:ojiii)u  t  i  j]  j.^  ke 

V  I  ew:^    1  :  ■  1  i 

".hie   result   of  any  eoMeya-    education   should  iu'  an  ah  i  1  M  \' 
to   stud}'  and    learn   liie  pj"osaic   details  cf  a  subject   ori  one's  owu  ; 
ruici]   o  ['  tlie  study  of  an}-  coii^patcr   laneuayie   iAj  1  1  s    in   1  ii  i  s  domain," 
This    is  ^juotetl    froi'i   the  preface^    to  t  iie  lHM)k  ;    tlie  i>rc[Tace   alone  is 
a   s  i  M;  I  r  i  c a n t   con  t  r  i  hui  t  i  on  t  o   coi;^]^u  t  i  n\\    I  i  t  e  r  a  t  u ix^  , 

i^o\^    rc  r  rc"  si)  i  n     it    is   t     pick  up  an    i  iit  roduc  t  o  i">    texJ  in 
tvliicli   the  autho]-    haces  square!}'   tlic  jiuuiy  pioblepis    iruHDlved  in 
teacliinv:  con-pu  t  i  nv;  ,   states  cloa]^ly  the  choices   he   has  made  anil 
thej^  backs   uj)  iii  s   choices   tln*ouyhout    the  book.     dins    is   not  a 
collection  o  i'  classroo'n  notes;    tliis    is  a  carefully  [)]anned  f)0(^k. 
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'■■■iir  '..ill  u  1  ^. ;!  )M'f  V'  i:  I  I  h    ?  1k'  riiDU/rs    lliat    Ih''   ,'iMMior'  fi;is   nu'ivU' ,  htit 

1  ii  1  s  ]hu.>K  ^Uk'S   not    uy-v   llio  ,\\Si    ^talul;^'u^;    for   I"  I  <iu  r     r  t  i  nr. , 
ar:J    tiiL-rc    i  ^;  conir-LUi  passion   l"or  haviuv\  all   decisions  [binary 

i  1^   tlu'ir  ou  I  CO!-!!.' s  .      iiio  author  has   an  opt  iiiii"  tic  viow  of  a  !)cy:iii- 
inag  stuvionts   oiasp  of   loi;io.      I'iio   I  ii  i  lal  jirolHom   in  this  hi^ok 
i\\vo\\:K->   a  voinploti    ;3nal)'-Ms      1"   1  ho   Kiii^O^ta^   tour  problcMn,  Tor 
*'-H  oil   t  lio  iiotatii>fi  alcMio  KouUi   slai;^;i'j    all    hut    sonior  math  liia 
j-M/i.      ihis   ti^xl    is    intoiulod   for  ooiiiputor  s^'ionoo  majors. 

'-^0  h    I  .1  ,    i  r  a  ii  0  i  s 

'  a  I  :m  J  00  I  1  (^n    to  v^MiipoJ  cm'  i-^c  i  o  ik"  o  ,   :  .^o^  a  urn  '  :■•        t  I  ino  So  r  i  l  s  , 
Moi.rau   iiitl    hook  i.o .  ,    1!)7(),    .^8  1    [^p,,  S^l,^):*. 

iho    t'unJ  anion  t  a  I   question   f  ao  i  ni^  any  hoyinnor   in  ooir\[iutor 
-oioiioo    IS  just   hov;   is    it    tiiat  olootrioity  can  hv   trained  to 
■  u<.-h,   a   spoctac\ilar    U\'ol   o  i'  pv  r  To  r  I'lanco  .      In   this  hook  you  will 
«  i  a^^   tin.-  ajiswor    in  parts,   haruioirc    aiul   softivat'o.  t!ircuit^^, 

•  :'^-iurc  u:in>,    rraul  i  lO"   and  wr;i;]iy  devices   are   [vresented    in  cfiajv 
'.^'vs   i>ni    thjajuyii    fc^ui".      iMaj  ^.^  raiufi.  i  i:^'    is   jn'osentod    in  ciiapters 
.  ;  \  o    []:  r  ouy  !i    fou  r  1 1-  o  a  . 

'Mif.ro   sucu'.   ro   hi'  su\aMai[   \<ny>    in  wlii  cli   tins  hook  can  ho 
oM  i  i  .0,  d  :      ij    a  y^vwvviil    i  i:  t  roJu^  I  i  on   to  coiiiputer  science  hy  us- 
i     .    tni    wfo)  U'    M)ok  ,    J)    a  :-iiOi't   course    in   5^)  ro    r  a  min  i  ju^  h)"  usiiu; 
voajitoia-  sevajn   and  oiyiit,    ^}   a   longei^  course    in  prog raininnu^  hy 
o-in;,  ciiaptiM^^   si  Von    to  fourteen. 

iiu  s   S<.dKnn-i '  s   Ou  t  1  i  no   So  jd  os   provides   a  !ios  t   of  solved 
pronit:-;-;   and  su;)]))  oiiient  ai^y  prohloms   at.   the  end  of  each  chapter. 
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S I  0 1' 1  I  iii: ,    ilicudorc;   niul  Pollack,  S,  V, 


Lonpuliiiii  atul  LompiUor  Science:  A 


t   Cow  I'se  ,  Macm  i  1  1  an  iAk  , 


^ork,    1m7o,    111  ;^p.    il'roiu  (Aiinpnt  ini^   lUu'iews,    leh  .  h^'^lj 
I  iu'  ;i,}thcM^s   sel   out   "to  [U*t)\i<!c   stiuienls  with  an  orJirl)- 
[H\  sen  la  I  ioii  of   the    I'luui  ameji  t  a  I  s  of  ctMiiputei'  siierice/'  '\\\<y 
t  ak(^   tlu-  V ;  i.'U    tliat   coiii[)LUei'  science   is  Iwisicallv  a  sliuly  of 
1  a!\j;uai'.c  s   and  iMiiiiuun  ieat  i  on   for  the   for^fui  I  at  i  nj^,  of  automatic 
procedures^     Ihe   text,   divided   into   Tit'tcen  chapters,  Ihmm  n^- 
^v  I  t  ii    liiriiH:  ];achines,   a[ui  cuivtuiues  witn   cliaiUers  on  clini.Ktor 
<;odcs  ,   ^'oiniKt  t  e  i"  a  r  i  1  n lue  tic,   and   i  n  t  roduc  t  o  i  y  conpii t  c  r  o  r'c a  n  \  :..\ 
t  I  L)n .      lao  notion  o\    al^oritlun   is   ciarii'ied    lui'ther  via  i'lo\;- 
cIm  r  t  i  Hj.^ . 

'l:nv"]ii!te    lajU',ua;^o   and   asse.iilMer   lanyMiar,e  ;i  re   treat  od  in 
two  cii.n*  tors,    usini;  a  s  i  nip  1  e  1i)']K)  t  l^e  t  i  c  a  1    coitipuler.     Ilaviny,  rio - 
ti\"atL'd  a  wvcd    for  iiioro  jiowerfal    1  ;in^j,uaj4es   tiie  authors  intr'o- 
viuce   I'L/!    in   l^^nir  clia]3ters.     Then   langviaye  jiroci^s  s  i  n^.;    in  terns 
of  sviiiM^l    tnbles,   hasiiinj;  i.n'icros^   etc.,    \  u  a   \'e]'y  skelc!\)'  km}-. 
Ml- 1  a  hin  ^ala^;os   are    introduced  usij;L;  a  ]:io<jM'ied   h\h.     The  finnl 
eh:tptrr:>   cover  h:n\U;ari'    (analoy;,   d  i    i  t  a  1  ,   nnd  h)'brielj  nnd 
r\"  i  ^o  r\'  sv's  t  eins  . 

Thr   revieucJ^   is  willuiy;   to  accej^l    tijC  aullioi'^s   i:oals  aijd 
of  coininiter  sciiaice,   but  concludes    that    al"tei'  m   eood  start 
in   trie   first   chapter,    the   text   siirj^ly  does   not   fulfill  loason- 
ab;le  eA|KH' I  a  t  i  (Ui:; .      If  one    is  d*ea]inj^  v;  i  t  h  a   science,   one  ex[?ects 
[iof'tinent   re  fe  r*c^nces -- there  sceri  to  he  no  t'cfcjcnces.     When  deal- 
In;^  with   thv    fundamentals,   one  expects  clear  definitions  and 
consistent   usagc^  of  tciaus;    tlie  authors   tejid   to  use  computer 


\  1  i.  i  .  ,\ .  s 


i;ir::Mir:   s^.>i.iO'.>.  h  a  1    loosc^l}^  [csl    1' iH;(iiK'ii  I  1  )    i\:i\M-s   to  ";u(uu.-rn 

v"v5::uMi ;  I  in;  tiUU"  ii  i  lu' s  . r^acinnc    is   owm"  oxpii^Mtl}'    uioi:  t  i  T  i  r  >,i 

i'u  r  1  ru,  '  :"  i  •     W- 1    "'raul^'vn   ooi;i;>i]  1  i        hkj   h  in^- k!i<pla}  iir^triir- 
tioa:v    Mi  hi- X  aui.^  0  1  i.;a  1    iiotaliini/'   and    [Iwy   all    sc^^an  1 :h'  'y\v 
V '  i  ■  i  La  1 1  < '  u    (  S  I M  t  s  o  V I  c  I  i  )   \s  i  t !  I         \v  \ )  r\l  s  . 

i  iu'   |v!a)^;  ian;iiii  i  [u:    laM);aaMCS,    IMivTRAX   ami     ('Ot^iU.,    caicii  ratr 
r>\\r  sontvMtCc';    AialOL    is   aot    liaaUioncd.     Whoa   iiioriorN'  [M'O  t  ov- 1  i  oa  is 

.  •  ^'u  -  -  rv]  ,    I  he   v)nly   rooimiuur   p]a„-.iaUod    is    tynu'a!   ^iT  an 
>"a  i    t  iii       i      11^)1    :;[a(oU.      h]as:i    t  i  ;:a     lo    t  i  i:a^    iu'^tions  ^^ji^Ov!  aiul 

^5  .-oiiijait  o  ra-   a  ro    aai  t  Mai*.'d  ^   Init  s[a/cd:'   i)r   Lt»st.s    Idr  an\' 

^      a  1  ( ■  I"      ro   V  o  r  ^:  M    vi  . 

V. sl  1  i.v-  r  ,   Tl'  ]■  ry   M  , 

1  i;  1  laui  i  10  I  i  o  a    la.^   o i aiaui  I  ■ "     So  i  oaK'o  :      \  a    1  n  t  o  rd  i  s  c  i  i>  1  i  1 1  a  r v    Mi : '  -  ^  oi  o h  , 

....    V        .    .  _.  ...  ...     .       ..  ..     .     ..  I    ^     .  .  t  *    i  .     _  .  ' 

'.  i  Lva   ;iiu!    iOuaai    \]\c.  ,    iuv-;?oii,    l;^  '..^    !o(l  pp. 

i'iuLt    <  (aitpa  1:    r    >onaK"o   oaa   \n-      [  {u.\]  ^:  <l  hy   :Uadoats    I  rom  all 
^1  1  -..■)["' 1  na.a>    is    liu;   ap;")roao!i   o     th;^^   ImuiK  .      hor  tlio  most    laiiM  smk^ 
y^ar  t-h  ::i;.a:    ^>v-hoM    ai^.ol'ra   v-muUI  \-.r    Ihi^   njiiy   ::ait !  ■  taiia  t      s  [H'-'ia- 
y  u  i  -  i  '.  i...' .  l)()oh  vloL--    if:vli,uio   SvOlions    that    rLS.|u  i  i"0   n.iwc  u\.\\U 

■o-U  i    -■    t  hail    t  ha  1  . 

'i  h  1  s    i  a  t"  roii  uo  ta.)  r hoL.a\  ;\as  ^vi^ttLai   omhraoini;   tho    uUsi  tliat 
K.;<a"i^a:  !  ^. ■  r   soioaO'.'   siuailJ    foous   Ofi   Uoiohiiu;   lha   ooiua.M>i'S   as>ooi  ■ 
.►U'w  v.it:;   nia)i>]ia"^  solvin^;.      Atto;:y^ls  were   i.skjo  noi   to  ol^sonrc 
:  i      aniua.jMs      I'  proaUa:.  soivii^y   in-   introouoiiH:   thon  sololy 
thii'ouyij    tlio  osc^  n\'  a   ooiiijnilor  j^i'oy,  raiiaii  i  av;    lanyua^o.  Prouraiio 
:;i;ap    l<nuaiayo   sup])  1  ?.a.;o!it  s   ar^'   availahlo    I'nr  uso  with    tliis  l;ook. 

.'o:iio  of"   iho   i  a  t^' ]\1  i  s  0  i  |)  1  i  na  r;.'   to]^ii.s    iaoliidod  arc:  Ims- 
in'        prohUai;  sn'viaii,   ]U'o}Wca:is    \i:   soc^ia!    ^^oiiaioos,  ])ro:>Ua^^ 

O 
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solving   in    !  i    I'.u  i  s  i  l  i  c  s  as  wo  1  1   as  piH)blciii  so]vins\   in  coi^pulor 

i  ^'^^^^^^  •  I  ho  re  is  alsr^  :i  section  ow  Xhc  i)ii[):K"t  ol  the  ^.diiipntrr 
Of  I  s  o^'  1  c  I  y  , 

In  chapter  tin*  de;'^k  ^alenlator   i  s-  used  as   an  anali,>g\- 

^*  etniiputer  \<ovl-..     IWCOmVa  iiyput  liet  i  ca  1   maeh  i  n."    i  aiK^n  i  j;'. 
is  U'cvc  l(i[)e.l  io  assist    in  i^ainin);   iiisipht    i  lU  o  compiilei"  de>ii:n 
aiui   the  uay  eoi!i])uters   solve  j)  I'ol)  1  cr;s  .     At    the  ^lul  of  each  eha|) 
tir  there  a  t'e   an  ahiuulaiice  ef  prehKMiis   to  use   in    leaianni;  th'. 
luat  e  r  i  a  I  , 
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!>y  Irinl  nadiels  and  Have  ihihc^c 

I  n  t  rodiu"  {  i  on 

The   in  ton!   ol'  this  soot  ion   is   to  [ires  on  I   as   coiiiploto  a 
list  as  ]K".ssil-le  oi"  iKriodicals  uiucn  ar^'  primaril)'  tlo\"otrJ  [n 
co];ipnt  I  n^t:, .     AppeiuloJ  to  tUc   list    is  a  ])arti.al    list  of  ]HM'iodi- 
cals  whici"i,    though  not  j^riiiiarily  Jovotod   to  data  procossiny,, 
I'rcqucntly  or  oco as  loiia  1  1  y  oont  am  articJos  juM'tatniiii:   to  com  • 
putini;  and  coinputor  soienco.     *Vhc^ro   it  has  lioon  possible,  tiic 
sourco   thvouvUi  \shicli   tho  noriodioal   can  he  ol)tain(ni,   the    frooaiL  ii- 
o\-  of  pup' I  i  c  a  t  i  on  ,   aiul  the  suhso  r  i  j)l  i  on  ]?rioo  luivc  boon  listo^i. 

in  iiiany  ^asos,   yowv  sclu^ol    liiirarian  \'\i\y  l-o   ahle   to  pro 
\'ido  other  sources   thrinigli  uhich  a  «;iven  poi'iodical   caa  be  ol) - 
t  a  i  ruHl  at   a  ];^oi*e   reasonal>le  ]UMce.     There  are   ss^verai  i.'.eneral 
suliScr  i  pt  ion  lu'okers   tiiat   'irc  soMetimos  ahle    to  offer  sur5S';rip 
tluu  rales  v;hiel^  are  better  than   tiiosv:  off-i-ed  t^)'   ilie  ;>uhllshers. 
In  mm)'  eases  cpiotc^s  can  he  obtaiiu^d   \or   issues  uhich   are  nc^t 
in   their  i^.eneral    eataloi;ur.      .\   few  of   thicse  lu^okers   are  listec: 
be  I \n< : 

V^fSt   (hKist   iVr;ian  i  ::a  t  i  on  I  1  afi  Inc. 

!  Juca  t  i  ona  1    1;  i  v  i  s  i  on 

h  .         iio X  5  :^ 

[)hor:c  :      !{)[}  -  .'o  S  -     0  0 

1:1  J  s  CO  Sn]i  s  c  r  i  p  t  i  on  Se  r  v  i  ce 

bSI  Market  Street 

San  l-rancisco,  Cul  ifornia  1^11');^ 

I'ojUil  ar  Suhscr  i  })t  ion  Serv  i  ce 

W   '^).    Hex  1S(H» 

Te  rr e  t'.aut  e  ,    !  !ul  \  ana 

fl^ip  code  ajul  jM.one  not  a\^nlaflej 

Wliore    is  lias  been  possil^ile   to  inspect    co[)ies  of  a  paj'ticuinr 
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'J  ^',a::.  i  nr  ,   ,\\\   latL^riipt   has  l>ccji  in;jJo   to  doscr'ilu'  \;oncM*al  c.Mr 

^^•nts  :iiul    Jls       i  t  ahi  1  i  t  >■    :'ov  usc'  i^-  thi'  classrooii:  teacher. 
■'^^-^i^  «H"  t  liO  ii:;M;:i    i  fir;-   .ivc   Itiijhl)    (eclmiL:il    ;tiul  of   little   uso  to 
arn-  I'll!    the  ;]U)^t    s  oj)h  i  s  V  i  c  a  t  eu  In  iji  scl;(K)I    toavJicr  and  of  ni) 
a.^^'   lo   the   'i\ci"A\\c  in       sefiool    stLJ.k'Ut.      \\ov:vvcv,    in   these  iiiai^- 
a::ifu:',   fiews    i  :  eris  ,   :n-tieirs,    anJ    i  i  i  us  t  ra  t  i  eiis   ini^Iit  ]>rovivlc: 
an    ii:s{y\it    into   the  inovr    reeejit  h:Ma\vare  aiul  Si)ft\-:ire  Jewlop 
=='-ats,      j-ruulieals  may  h;^  useful    to   te;K-hers  viireetly  :inU  soue 

ay         aiian-tlN'  useihii    to    tia;  s'udeiits. 

la^'    lollowi  u;  ;ii-e   suv;\;es  I  i  e)ns    fos"   eias;r    (vn  U:•e^     ^-f  pc^'i- 
'•aieai-^^.      it    i>   aoiu^j    that    te^aehers  \:  i  1  1    f  i  lui   the^e   si;^,.»es  t  i  e)Jl^' 
a-eful    11^  tlieir   t^eudiiiu:  silualnui   :ind    in  evaluatuu!   the  suil 
aiwlily   n[    tlie   pen' i  od  i  ea  1  s    i  )^   the  list. 
S  t  udc  II  t  Use 

A    lev.   piM-ioJieals   ar     written  at    ;l   level    tlial    t  lu'  avera^;e 
>tia)'/:.t    will    fnid   .iieari  i  lu^  fu  1  ,      I  adeed  senu;   are  ai:nLHl  direeti)- 
at    tiu:^   -Indents.      Soiiie  of   the  way^;       r*  i  od  i  e  a  1  s  riiid^t    ih'  used 
■    J  K  I  f  ;i  Students   a  re  : 

I-      eis]Hay  an   assoi't  i:;en  t   of  n:ii;a:i]ies   and   eoMiputer  rela- 
ted  iKSvSj)apers    ni  a  proinruuit   ])laee.      Hopeful  1)'  i^orn: 
stud(.uits  will   uisei}\'er   jteiis  whieli  v;  i  U    stinnilate  their 
interest   and    not  i  vat  e   tiieivi   to    i  !i  i  t  i  a  t  o  elass  di^eus- 
i  e> n  s  e  on  ee  r n  i  n  ^  t  iie  s  e    i  t  eiii s  , 
2.      SludeTits   ean   he   jssii.neci    to  read  pertinent  artieles. 
■ceas  i  ona  1  ]  )'  the}'  eaji  he  assij^ned   to  i^i^'e  oral    p  la  - 
sentations   to  clas-   or  write   reiun'ts.      (lr>'  iiot 


t(-  liiake   tiiis   too  i.niei.  v\'   a  ehore    I'oi*  thein,'] 
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3.     lU^ceiU   noK>>    itciriS  or  articles   lui  nc\s  tlo\'o  1  <^p]^!cn  t  s  , 

oven  luctiircs  of  a  ;arict\'  o  i*  types  of  hai'tluarc  should 
in*  [U^  idled  out   by   the   Iraeher.      Snei:   action  irif/lil  inn 
tivale  stiulenls   t  o   read   1  ho  ina  ^a  ;•  i  iios  . 

t.      !  hi"   teacher   can   vvakI   srlevteu   articl^^s   to  t^^  .la's 

(  koe[)   them  sho]*tl   aiul   follow         w  i  t  ;i  class  discussions 
of  t  iie    idle^is   ])reseiiled.      ilei-^s  uhich  uould  pa  r  I  i  ci;  1  a  r  1  )^ 
ioiid   theiuselvcs   tn   lUis   \y]^v  y^\'  pn^sciU    t  i  oi:   ;u-e  recent 
MOWS    i  t  ei;is  ,   articles  coiik  e  r n  i  r:  ^;   s  cu"  i  a  1    i  i:  p  i  i  c  a  t  i  oris  , 
]H'o;',  ran:S  ,   coinputOT^  ^^IM^ '  ieMlii^ns   aiKl  \  ocat  i^nal  op-por- 
t  un  i  ties. 

:y .      I'a  rt  i  c  u  1  a  1' 1  y  ap  ])  ro[n' i  a  t  c    aiM  can  l-c  i!u[)l  ican  1 

and  d  i  s  t  r  i  I'll  t  ed   [o   tlie  stuvlents    (With   thr  indnislur- 
poiaii  i  ss  ion  ,   o  1'  C(*arsc  , 

T' .      Soific^   pcMM(Klieals   ot^   article-    wiii^li   a  rt^    too  *'i:nMnii 
for  i;onoral   student   usc^   could   be  usc^d   to  ]M"ovi(^t^  (  i] 
riclwnent  inate  rials    \rr  nuwa-   car'alOo  students. 

ieaciior  llsr 

Most    o  r   thv  a\'ailal^le  i  o  J  i  ca  !  s   a  j^e  uidttefi  at    a  u\cl 

to(.)  difficult    for  a\'er[n^o   studcjits.     Many  are  oxtrenely  teciuii- 
cal    and  1:10s  t    well    trained   1  cache  r>  v.  ou'd  hcrce  difficulty  under 
standing.  scn;ie  of   the   articles.      i^ach   teacher  v;ill   need   to  oval- 
uato  wiiicii  <'nes   are  best    suited   to  li  i  s   situaticaN      Noir;o  suyacst- 
00  uses    foi'   thesc^  poiModicals  are: 

1.     The    infornxd  teacher  will  v:ant    to  isoo])  al^i^oast   o(  news 
e\'oats  ajui  now  de  ve  1  opi  oTl  t  s    In   the  coi;-»put(^r   f  i    1  d  . 
'lociinical   dove  1  opinei:  t  s   noK  n^a)'  be   i]n|iorta]it   to  the 
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f;  .  v.   ^'  M  r  r  i  c  u  1  uiii   i  <\c  as. 

w  .iiui/^)r"  di  rf(.M\N:t        [' i  [i Ikmm  1  s   :\uA  o<ii:*in li n  i    a  t  \  on 
L*( ju  i  iir:.;'rU    > !i ou  hi         l  o  \)<  i      vv^\    for       (  u  ro    i  i  i,  1  c nii/ii  I  :i 
lion.     .\s   nr\\   ]  i  i  ii  i  -  co;k])U  I  o  rs   .'i  ic  Jcvt  lopi  <l   a)u!  prii  r-  -. 
L'i^iiic  Joun   thi^)'  inii'.ht   \):  c  0!is  i  tie  I'c^l   for   i      1  cinr  ii  I  ;i  t  i  on 
i  ii   i\\v  class  THH^i:) . 

/>.      ParLicular    items  v\hicii  to(^   toclmical    in   l^uir  ori 

iMnal    \ov]\  u'i^lii    i^^  ah^ractr^!    i;Uo  a    Tonn  more  paia- 
tal  lc    to   tiu-    st\u!onts.      i'.oy   ran   tiioa   lu^   oit  loi    r   a  i 
aj.d  tli>LUssou    1)1   r]a-"-    or  v^i[^licatcd  ajid   .1 1  s  t  r  i  b  at  f -.1 
t  t-^   ;     '   s  l  u  Jl  n  t  s  . 

I.      luvas    lev  I'Ollotin  l^nar;l  or  classroo]:i  t!i-[Ways   caa  hr 
('(^uiul    in   pr  r  i  (k1  i  c  a  1  s  ,      1  ja  o   i^v    iiu^xp.Misivr  niatc"ri:t!s 
>  \  i  \  I  vil'  1  c    1(1  r   J  i  s      a\'s    .i  i''    ad  vo  r  1  i  S(;d   oco  a    i  oua  1  1  >'  > 
SvMiio  t  i  :'io  s   pioiiiros,   .ifliclts   ov  cart0'>ns  can  nc^  ciit 
Din    o     ropi'oducou    lor  composing;  mo  {  i  va  t  i  lu^  ov  y!i:no- 
i  a  I  i  in;  d  i  s  p  I  a    s  . 

■■.■-y''.[Vc  V   I'y'V  i  ::ui  i  ca  I  s 

^'aay  tiiO  pc  r  i  r:d  i  c    I  s    n:   tiiis    "list   are   a\^ailai'ic  frr-c 

lla^r^od  *\  i  l  a        :    froia  varMous   arAaicios.      "or   taoso  jun^  1  ica  t  ioiis 
vd.ici:   a  r'.    "(rvc  to  qualii'li/d  s  ni  f  s  c  r  i  i)o  r  s  "  .  no   attonpt   lias  hcoa 
i^iido   to  dctcrrhac  v;:o."    is   qualifiod,      nopofully   od\ioators  v;  i  1  1  bo 
^:o:\:^  \  Ci^v d  ^  |u  ai  !  1  i  t.^d  .     'i'hi'  s\a:idol    i"    is   used   to   ii\dicate  a  pun - 
iivoition  Wioioh    is   vocoriiaciulod   for  aso   o\'   Toacfiors   and  the  s}a^!iol 

is  OS  .'d   for  llioso   jod;:od   -  ih  t  al>  1  v.^   !"or  u^e  io'   stiulojits.  ^aiiv 
liiOSv-  pid  1  i  oat  i  Oils  wliicdi  vorc  personally   ir^sjwjeted   and    foj^  w^iiei- 

O 

ERIC 


X  I  I  I  .  H  .  S 


i  cKar  cut    rocomuioiiua  t- i  oil  coulJ  he  huulc  wore   rated   in   this  iwia 
aor.     »vluM*c  the  irarihcr  of  panes    is    iadieatoU,   lliis  i\umhor   i an 
averai,;e   talen   from   iMru!o:n  copies.     Most   oT  the  ]nihlis!uMs  v.  i  1  1 
t  ii  ra  i  s  li   a  s  a^ip  1  e  an   reque^  t  . 

AhP  Ni  A'^hh  11  IK 

Mara;ui:icnt    luM^aiee   Pablishiiu^  hark  Av^/,,   \eK  Yorh  ,   N  . "  . 

1(^0  J  J!.      >  18  }\au",   luMveekly,    \  pa;:;cs,    ;^eaoral    i  a  1  e  i"e  s  t  -  iiaia  :j  - 
nen  t    repo  r  t , 

;Ni:!)S  ,nUli^\Ah 

As -Mie  i  at  I  (Ml   !A)r  hdiiealioaal   h;!t:i   :-\-sl(a;is,    1  2?!!    S^xteeatl:      t  .  , 
'■^.AA,    ,\  asii  i  iii:t  oa  ,    iMA      J[)0:^().      iTer   to  I'l-,  nihf  r  <  ,    ^]()  ve:ir  t^i 
ot  ae  rs  ,   qua  i^t  er  1  y  ,   hi   paj:e s  ,   spec  ^  a  !    i  lU e  i-v^s  t  -  (hAu: a  t  i a^n  , 

Ai.;iS  MON  I  [V=K 

As  soc  i  a  t  i  Of:    Tor  hJueati-aial    Aata   ''y>lc\r\>,    LA]  1    Sixl^M-jith  'A., 
A.W.,    ;\Aish  i  iuiton  ,   \)  A\      JOOAh.      I'A'er    to  ':K':;ihe  r    ,    SIS  venr  to 
others  ,   ruv^  t  h  1  y  ,      \   p  ar,es  ,   spc^e  j  a  1    i  r,  t  e  rr  '  t  -  e  Aui  :i  t  i  on'. 

^^lfA;  I  CAN  ,1m!]A:,A]    loh  t'liMPlAA.A   \VV\..  [{WTI  sAA^. 

Aoeieiy    for   Seholarl;/   eoiiiputer  \]^['\  ]e;Uioas,    ^A^A    hex.    h'MW'i  , 
Aeuj)ort    AenerL,   (Aii.      !A!(MMl.      ^is^'ear,  <;uartciAy,   general  mtci- 


I'OMlMi  rih'^   lUA'Al'h  AIA], 


Pre  tA.s- i  oaa  1   Update  Co.,  i;ox       ,   ^hkton,   lirginia         ]  M  . 

'  y^'ar,  loose-  leal  hook  w  i  t  i:  ifonthly  updjlAin^  service,  -^aeci  i 
i  a  t    re  s  t  -  aaul  i  t  i  n ^: . 

\A  MA-l.\Ti  a  hlUNAAlAr^v  ij,\yq:asv. 


at  oi:ai 


■■■It  ;i   hrcM/ess  i  im^  N^-r  s  1  e  t  t  <m'  ,   Ma(^J  :U 'iiea t    Ac  i  once   hai)  1  :  sii 

\  ■  \  ■ 


i'A^  -^^^^   hark   Av'enuc^,   Ai-w  Yor-.  ,    ?A  V  .      10(1.'?.      ^3:^.50  }'e;ir, 

sei  i  i  man  t  -  .  1  >' ,    \   pa  i^es  ,    ^ic; n e  r  j  I    i  n  l  e  res  t  . 

.'.A'iv^MAi  inv   i.X:-;;  S:^; 

i  at.  s:  mat  i  f)!]a  1    h:;\'sical    Index,    IPila   JAi  rk    'wo.,   :Aa-;  Vcrk,  \,V. 
j'^'^^-^-  year,   nionthlx',   Sa  najies,   Ai-erjcan   ["aih.  1  i  ca  t  i  t>r^  in 

haylisi^  (>{'  current    tecluiical    lAJSsirin    literature  dialin^;  witli 
a  i;  ()!:ia  t  i  on  t  c^]^  i  cs  . 


ERLC 


ATA  lM:o(T:s^;  I Ni,:  ix  mM'^:  \vm  ijiCAi,  cin'i  kxmi:^  r 


A'A-'-^---^  o!    \-:irii)u,-   joiiriial    ,i  iA  ira^^ariiu 

■  I  \         \ii  .  ;v,iAi  A/\ 


^'Asv  r  I  Ar  :  s  ,    ^  .A)   \  c/::  i    to  -jtAu'  rs 


O  \  VI,' 


'  ' A       i  i'o 


'i-^'i''A-.  1      1  t  oiicov.  k   iUjiiAl:s^;,   AlKoMn]-.  Illnioi: 
^[^j^  '  ^  n  ou  Siii.sor  i  Ao  r  -  ,      .A^   1 1:^  (^t  ho  r-  ,   so  i 
A    .  i\i  I    1  "ot  o  rc  ^>  t    no\/^.   ^  i;o  I  \'s  i  ^^  . 


i;  t  o  tl  s  t 


]  1  li 


o  T..  t  . 


M :  o  I 


1  o 

o  i  t  A  a  r 


u ;  ul  :o  in:,    "U-  r  \'  i 


re.!. 


1  i 


-^'On    iov  AoMiioU  i       Aaoli  i  .,o  1-)  ,    :il    1  .  ;t,,      -  \^oA 

S^^iM'A      \  Hi    to  ;;M;inors.      S ^   Ovoi  c   i  ^)  i^^liiov-^.    ifiofit'ilv,  SJ 
i     ^      ^" '  i      ^A"   looiniijMl    iiitorost   i-,  i  t  h    vorv    i  j  t  t  k-  of 


i-toreoU,   ocuUainr^    iiitpoi^tant    artiolos   at    col^c  I'i 


t  1  u  i    iisr  at    !n  v^ii  soluio  1    1  o\a/ 


Aut 


Ai  iAiAXl A'i'  I!  i  ST  !  AA  01 :  \ 


\  i  i  K  0  I 


1  at 


vc  at    ^  'oa  A 


'■■vCi  {  oia,  ,     las,-ac(ii  :  ot  t  s 


■^''v.  year,   ([uartorl)-,    Jan   pai.;o-,   fMau'idos   data  on  the 

AHlivOtnt    v-iia  rao  t      I  s  t  i  ^-s   o  t"  o\l' r   aM)   aentral    procosscns  aiui 
i  p  ao  ra  1    ^ii"  v  i  oc-a  , 

'i'A  ;  :a..    ALA  i  A  j  0\S  •'^-•i 


a.ai  i 


^^^"•''^'  =  A>  ^  s:-ox  St.,    IvOoiuMlo   i'aiA:,   No;%   Aorsov  i^Tut, 

<  oualiiioA  suA<orA)ors,    S:i   year  to  othors,   montlilv,  \H 

"  '  SO  noia  1  -  1  n  toros  1  jHwuHiioa!,  contaiiu^  a  nioo  news  sootion 
i  nov.    aarduaro  section,   so^o  ai'ticlos   at   hiyj)   school  level. 


J -a  a  I  1A\ 


^?^''''r  ih'>\,in   I'ubl  ishinji  Ao.,   12  1    lAiker  Ave.  ,   Concord  ,  Mass  . 

A'      ^J"^"'         qualified  suhscr  i  iiers  ,   $1S  vear   to  otliers, 
■  t  ii  1  y  ,    1  .;'n  pa  i:o  ^  ,  '    '  ' 


■c  I  a  i    1 11 1  0  re  s  t  -    I  ec  t  ron  i  c  s  . 


X  [  I  I  .  B .  7 


coMriirru  hi:vu:i:s 

Hit  chcack  Vuh  1  i  sh  i  n,u  ,   i  I  i  t  cticocK   Bu  i  1  tli  r^i^ ,  When  t  on  ,  I  1  I  i  tv>  i  s 

/>niiS7.     $95,   800  i>age  loose- loaf  hook  witli  moJiliily  uj^sln  t  i  ng 
sc rv i  CO  ,  spec i  a  1    in t o  res  1  - i  npu  t /out  put  dev  ices. 

I'oMi'UTf  R  Du;i-sr 

^  3('  .  (10  pe  V  yea  r  ,  luoii  i  h  i )'  ,  ^;  pe^.'  i  a  ]  i  ii  t  e  re  s  t  -  eois^'M  1  e  r  a  [^h  i  ^-  s  and 
i  i:iage  proces  s  i  ni\ . 

COMIHJTI.R  JiUU^NAL 

British,   $2 (j  a  yeai',  quarterly, 

Ct^MlurrUR  \I  WSFRONT 

I'oinputer  \e\ss  front  ,  R.   Maiu  Street,  MarlluMa),  Mas^  .  Oi'^j:. 

SSo  year,  weekly,   \()  })ages,   i^eiieral  interest, 

COMRu         NO  rrHOi)}, 

Auerhack   ta^rp.,    121   X.    inroad   St.,    Rii  i  J  a      I  i^li  i  a  ,    I'r  i^iiS)' I  \:mi  i  a 
1  9  I      ,      S17S  year,    loose-leaf  hook  wit!)  b  i  -  imoji  t  h  1  \'  uptlatinj', 
service,   guide  to  computer  sysleiii  clia  rae  t  e  r  i  s  t  i  c  s  . 

LOMrUTl.R  ROST  TAR!) 

Toriputer   Tost    Card  Ri'css,    ShO  inilrd   X;]tioiis   Rla::a,   Sn  it  l 

Xe^s  York  ,   N.V.      1001^.      i-ree  ruanthl)',    i  f>  i^Mges,   geru^'al  interest 

Advertising   in  the   i'orri  of  post  cards. 

COMRUTRR   l^R(n;RA^I  AhSTl^ACTS 

U  *  S  .   S,o\'c  rraricnt    i''r  i  n  t  i  nv;  0  f  f  i  c  e  ,  Sui^'i^  i  n  t  endent  o  \    Duciuiier.  t  s  , 

iVasli  i  ngton ,  l!.C.  20402,  SI  per  year,  quarterly,  general  ii^cer- 
est    I  catalog  no  .    NAS   1  .  -l  1  )  . 

COMlHiTyR   i>R()CRSSiNo  Ui'DATi.R 

{^orauUor  Research  iUn^cau,  cAU)  ^c\^port  tenter  Mrive,  Newjnut  i  e;ic 
I'aljf.  9  20  6(k  SSj  >"ear,  s  ei:n  -  iiion  t  h  1  y  ,  8  pages,  s]^eciai  iiiter'es 
rnaji  ageiue  ji  t  . 

LOMi^UTRR  Sr.RVICRS 

Association  of  i^ata  Process  ing  Service  Organizations,   S2S  s, 
barrnigtoii,   i.os  Angeles,   California     90049.      free   to  members, 
S'lO   to  otiiers,      i  -  mon  t  h  ]  y  ,   32  pages,   special    i  n  t  or  e  s  t  -  s  e  r  v  i  ce 
cen  tcM  s  . 

laniiMiii.R   .STOCKS  TOfcW 


Co;::miter"  Research  iUirenu,   ^i)0  Xewiiort  CxuUer 


i  rr  i  ve  ,   Ne^^■po  r  t 


M  1  1  .  8 


i-vjci;,   i^ilir.  ^Sfi  year,   Sk^iiu -incut  h  1  y  ,    iO  pav^os  ,  spei'i;il 

I  n  I  c  res  t  •  fi  n  anc  la  !    i  n  f  oiaua  t  i  on  . 

Ci^MiUi 1 1:;^  Siinni's  i\  Tin.  ii[iMAxrni;s    A'i.khai  ui  iiAViou 
(MMniri  ;:s  am'  iM:(^!mj:  and  AuTomath^n 

iuM-k^'U-y  i:i;t  0  rpr  1  S(.'S  ,    S  1     Wash  i  ii  i,  t  (hi  St.,   Now  t  0]i  v  i  1  1  c  ,  ^!ass  . 
^'.:loU.      ^i^.M)  year,   ^18  \v:o  years,  n^onVhlN',   ^^i  pao(.s,  -eiioral 
i!;tores{,   aaiue  will   he  chaju^^d  -Ian.    !,  to   "ronqnilers  and 

PeeiHe"   te   I'efloct   a  ne^vcM"  e]npha:;is,   "The  (^OKiputcr  lUrectory 
jjui   i-ajyers  liuide"    is  ])uhlisheil  >'early  at   S!^  a  eop)-,   one  ol'  tlie 
\\'W   reaJahle  nia^KK'ines   at    tlie  h  i  i^h  sehool    lovei,   articles  are 
keyed   in    front*   some  articles   appear  to  h(^  unrcvlateu   to  conipiitc-r 

histitali.'   c\    i  leelricai   anu   ;  hntreiiie   hf.yineer's,  laist 
:t  .  ,   Te'A   V(vrK,   N.V.      l()tU7.      Tree   to  iiieiishcrs    I  LIT:  ,  price 
;iv:i  i  1 -ii"*  U;   t  a^   non  -  iiieinh  e  rs   on   rccinest  ,   menthly,    7b  pa^u^s  ,  teehni- 
c  .1 1    ;  o  u  r  n  a  1  . 

ecMpPTlTvS  AMI   iUOMhniCAi,  i;h,Sl,AKUi 

\eaJerH^-  Press,  111  iil^th  Ave.,  Xev,  Vork,  y.Y.  inf)03.  ^  1-1  )ear, 
;^avi  t  li  I  y  ,    ^8   ivnu' s  ,   siH'^  c  i  a  1    interest  -  !^  i  oikoT  leal  . 

y^^MlMH         A\n  ili::OAM'i  I  i.S 

■iuefis  Ptiliejie  c\  ihv  Pity  Pni\'ersit\'  o\  New  Vork,  I'lnshin^-,  N.V. 
ii^eV.  MvJ  i  \' i  Tua  1  s  ,   S?*^    i  n  s  t  i  I  i.t  i  en  s  ,   a   tiincs   a  year, 

pa  :,cs  ,      pe  c  i  -i  1    i  n  t  e  re  s  t  -  h  arian  1  t  1 ^  ,    i  ne  1  ude  s   a    little  inus  i  e  , 
..\    lo[-y   and  V'^l^^^^*^^^    sci-^aiee,    a  rc  hi.  ao  I  opy  ,   art,   hat    mostly  lanp.- 
n.i:^e   aiu:    literalina;,   liost    oT   the   arti^^'les    listed   are    revir^ws  o( 
r  ■  i  e  :  V.  -    in  o  t  he  r  [k^  r  i  o  J  t  c  a  1  s  ,   e  s  pee  i  a  1  1 )'   i"o  re  i  i^n  pc  r  i  od  i  e  a  1  s  . 

i  i  [nVCiRPp 

•  a  .  ■     i)  r  1  a  ,    i  Js'  V  t  .    Vuini  lai   St*,   Pai:Ti  r  i        ,  '^Ins  s  achns^.'  t  t  s 

^'.:iA8,      sa  yc;\r,  v,eekl\',     ^  ]Kij;e- ,   iHMieral    interest,  newspa])er, 
y[r\\{v  (.\    fKa-.s    lAoin  v^o\arn:;ient   aiid   industry,   s(.'etioj]S  on  eoiaiiunv 
lea:  ion.-,    i'iaanciai,   soft\:arc  service,   sys  t  ens /pe  r  i  phera  1  s  ,  and 
..■/a  i  I   ^.Hhn;at  i  on  sect  \  on  ,   i  ;Ue  res  t  i  n^;  advert  i  s  i        (  Johs  vamted  ]  . 

e  a^ "  P '  P  I  i  e 


■  .^a  a  r  t  e  r  i  >•  ,    S  a  ^  y</  a  r  . 

i  ;a.  Pi/^iiMiTPK  I  :.:hi'  ssc  i  p  ia 


ERIC 


coMruTixu  >s1.u'si.i;tti:r  tor  ('(^mmiixity  c*oi.i.i  t;rs 

llniverstly  of  (j^hirado,   V^ox  [Hk^^O  ,  ("(^h^r.-ido  Spr-iiij',s,  Cc^IoimJc) 

Sll   yoiir,       issues  [hm"  ncmi^,   special    i  n  I  c  I'cs  t  -  i  ns  t  nu" 
I  i>rs    i  n   i  nii  i  or  co  1  1   \\cv. . 

i).\!A  SYsil.^!S 

^>  I  1  .  ]M  \  c:i  r  ,   rion  t 1  y  , 

iJ.M'A  SVSTliMS  :.!;WS 

Ihiitou  iUishu'SS   iMU>  1  i  cat  i  oi'.s  ,  i:ox   7?^S7,   Ptii  1  ado  i      i  a  ,  i'cniv 

sylvania         l  (U  .      I'rcc   to  iaialiricd  suhso  r  i  hors  ,    MO   to  otiicrs, 
40  pav^es  ,   art  icles   tenti  to  bo  short   and   ::n])p>',  husiac^ss  and  h;ird- 
ware  oiiiphas  is  ,   si  ick  forinal  ,   good  news   sect  low. 

IhVl'X  Ui:i'(^RTNii:  [  lilMiOl.in.U  AL  R0(;K1:T  M  TIVI^RK  MUiMiS 

S       \'e  a  r  ,   mon  ii\\y 

iJA'lA  SYST[:^IS  \l;WSiAPi: 

Media  llori;on^,    ^00  Madison  Ave.,   \c\%  VorK,   N.Y.  S.IM! 
yea]',  wc-kl)"  nous   service  on   cassette   t  a]H"  ,    j^,enera]   maaa  eim  •  n ! 
i  a  t  e  res  t , 

DATAMATItiN  ^^^'l 

l'eclinic;)l    PulM  i  sii  hi)^  Co.,    33  Masi;^:i   i^troet,   urc^eaKicli,   ^Ofin.  O(^UM). 
Free   to  qualiriLH!   sul^sc  r  i  he  rs  ,    S3S   to  others,   !)  i  -  mon  t  ii  1  \' ,  iOli 
pat-cs  ,  not    too   technical    to  read,    includes   levlmical,   r  iafia,^ci  :eii  t 
and  coiiimen  t  a  ry  s  e c  t  i  ort  s  ,   a  r  t  Tu  1    co  v e  r  s  . 

l)A'h\M,-\l  ION   hVhi;iri  I\-h  NhlVSLhTTl  1^ 

lecluncai  i'uh  1  i  s  lii  ii  i'.o,  33  M:ison  Str^'ol,  ^recaiK  i  cii  ,  Tonn.  (fOS3(K 
l"re'<^   to  qoalified  sunscriher>,  nioathi}^    i   pajj.es     i^eneral  interest, 

;H  li  [  Y  \:    CiAUMiTLl^  M3VSPh  [  [IR 

Ini"on,iat  ior  S)'stei;]S  i^raPLcl^.,  ^M'fice  oi'  Xaviil  Ivcsearcli,  IVasln  ni:  t  on  , 
\kC.  Z()3()().  1-ree  to  ([ualified  suhscrihers,  cjuarterly,  26  pa;.;es, 
J' i;ne  raj    i  n  t  e  ]^e  s  t  . 

\A)V  AXAlAXMd^ 

hid'  Anaiy::er,   ^'23   An::a  Ave.,   \' i  s  1  a  ,   t'alir.      92f)S5.      S36  year, 
iiionthly,    ]  (.  pai;es,   gt:neral    interest  huiietiji. 

Y.DV  DAIRY 

3M    tenth   Street,   \  .v: ,  ,   U'a  sli  i  nc  1  on  ,  P.C. 
dai  ly   (week-days)  ,    8  juices,   t;encral    interest  . 


-  iC^vs  se  r  V  i  ce  ^ 


2()iM)  \ 


^23( 


y  c  a  r 


Xi  M  .r:.  10 


i\^^<-\i-'il\ou.\\  ror|),,   hi)  Amu  Mil  M.,    \l-k  ! i  1  1  c  ,  ^'ass 

S'^S  yc:\r,   scni  i  -  fiion  t  h  1  y  ,   ^  V^\i\v^>  ,   y,cnc^:ii\  interest/ 


y<^ar,        is;;!.u-.  )\-.\v.    If)   nai^^-  ,   si>i'eial  iiilcrisi 


u  e  a  L  uwi  . 

' ''-i  ^a*  i  i  \u  \:  WSi  LTlMa'   \'{)\\  Seii.lOi,S  iM'   iU!S  IM:SS 


'^^'^     '  ^ ^^'^  lolorado,   Crauanor  lUaid,   ta)lvMauio  Sp  i- j  ju*  <  ^  aA^  ]  o  rad( 
/•'^'         '^1-  y^^^n*,       issues  vcr  yrar,    10  paries,   spec  1  a  1    i  n  t  eves  1 
aanlti'  s   1)1    schools   of  ho>iL]ess, 


'•iia  rr  I  ,  a.        \  1  \  \\  :. 
oi  i  a  t  1  on    I'r  s  o 


OS  oni^ipiUiny  Maeiwnei'v,  2\\  i.  l^^ru  St.,  ^aa^  Vcrk, 
'■■'1  .  _  i  i\ay  lo  riomfH- rs  ,  s3;>  }aaM^  lo  otiu  i^-',  s;(^nthlv,  lo; 
l-rovuk'S   onlieal   ^^xau  lat  uois  i.  f  i^v)oks,   nap-rs      fihiis  aiu 


10/  ]i  t  A^  s<.aioo 


■'P^-^   ^^^'1   o\aT\'  jspeot    ol    ec^inpn  t  1  M    ,    lAav  n\    the  arluU 


level,   iH  s  I   wav   to  see  wf\at    is  availablr    in  por- 
'^^^       particular  sulMoet,   liowever  inanv  of   Iho  [U'ricuijcal 
^/'■^^'^^^  ^'   'ii^'-'   unkn(nvn   and  unoh  I  a  i  na!)  1  -  ,   divided  nice  Iv    wAn  -.ec  - 
ininiscuie   ■section  relating   to   li  1        school',  iiunor 

I  .0;  ,   aiul  c-  1  (Miie  a  :  ;j  rv  )  . 


amm  I  No  Sinn  hvs 


d*J't  no:   S,jrve:/s,   AL■^:  MomIum's  ■:  i  r-   .Ua^t.    llaS   .\vao    of  A^kM-icas, 
^'-^JS  .   \ ,  \A      iai)/a>.      A^Al  ^ue:Aa']a^  others   S^ie,  quarteru/ 

Ph^a^  1   yoaoral    iML^rest,    'irlicles   asstnio    luiiled  exiKisi;ro  to 
^■'''1^^^"   >^';cnLa-,    l!  IS    is   one  o  !^   ths'  best   i)er!odicals    for  h\i\\\ 
ttoicfiL^rs.    Ihv  aiAiclc^s  are 


1     r.o  J  a  a  \a  I   uc^  di 


readai^le,   assume   little  i)rior 


each  ,    ^  a  1  !  lA      S2()6()  , 
n  I  e  res  t    f ;  nanc  i  a  j    i  n  fo  ma  t  j  on 


i_      ' '     e;s  Si  ( ^  r  t    id.  n  t  c  i'   w  i'  i  ve  ,   \eu  po  i*  1 
■^■■^  vear,   s  ecu  -  moii  I  h  1  y  ,    S  pages,  special 


da.a:,]; .  i  oA 


;■■  a  r  ,        i  s  s  ae  s  \"ea  r  . 

A  ,'Sw)  (AssfiAih 


1  i  .  ^Ai   yoa  r  ,   men  t  Ji  J  >' 


n.\  i.\  CHMMliN  1  CANONS  RIJMlin 


Aucrbach  (ioi'p.,    K!  1   N  .    MiH^aJ  St,,   Ph  i  [  ;i«lo       i  j  ,   Pt'im  -  \' 1  \':nn  i 
I'UO",     s:S.lfi    initial   yoai",   SJSO  yoai'  t  hnoa  ft  c  r ,    loou'    T-af  hoiU. 
vs  i  t  li  quarterly  updatiak^  scr\*iic',   i^uiJi^   to  cc^in]nitcM'  sui')i)ort  '.'v[iup- 

i  iii.   iiATA  CiiMMilN  [  l  Ai  [HNS  ilSi;:^ 

(^>niiiUni  i  cat  i  c^ns  Trcjuls  ,    ISl   Soiit!i  l-rankiiji   \\  o  .  ,   \aiU'\'  Sti'vari, 
N  V.    llSSi.     Tree  to  qualifud   individuals^  \'oar  to  oti^ci'S, 

montlily,  61  pages,   s|H^cial    i   t  c  ri's  t:  -  t       cojuiium  i  c  a  t  ions  , 

i^ATA  AliTC^MATIOX 

^  . '>  y^'ar,  tnomiily,   attractive   r<in:iat,   a  r  t  i  e  Kvs   go  ae  la  1  1  y  ixmvL 
able,    i  II  t  c  res  t  i  n  i;  hard\vare    i  a  t\i  ri^ia  (  i  on  . 

liATA  DAIl.V 

:>  1  30  y^.«ar. 

DATA  ma(;a::  ini: 

$12  year  ,   ir.oiUhly , 

p.\i"A  MAXAi;i;Mr,x"i 


Data   I'roecssinv;  Majiageiiicnt   .\s  s  oe  i  a  t  i  <  m*  ,    [liU*   lUisst.'  i  M^Jiwny,  Pari- 
lUd^ic,    Illinois  GOOdS.     I'ree   to  !nei;ii^ers,   ::;S  year   tc^  <Uhers> 
month  1  y  ,   5iS  pages  . 

iL\TA  frvh:i;ssixg 


North  Arierican  Tvifi  1  i  sh  i  n  g  Co,,    ]^\  N.    l.Sth   St.,   Th  i  1  ade  1  jdn  a  , 
i'enn.  ,      H)]()7.     $8.  SO  \'ear,   monthly,         V^^^'X^  ,   {IciuM'al  inter?--! 

DATA  PUDChSSlNt;  ll](n;ST 

tiata  I'rocessing  ISi^^est,    IMO  S.   Robertson  IH  vd .  ,   Los  Anf»c1cs^ 
Calif.,     90035.     S30  year,  monthly,   20  pages,  general  interest. 

!)ATA  PROCiiSSlXi;  MACIAZ  I  Xh 


S  10  )'oar  ,  month  ly  . 

DATA  PROCHSSlNt;  I'OR  hDIKSVi  lOX 

American  lUita  Processing,  4th  i  loor,  Hook  lUii  KHngV  Uct  roi  tv 
Michigan     48226.     $24  ycar^  monthly,   12  pages,  special  intercst-r 
eclucat  ion ,  discusses  mutual   interests  in  educatioji,  dissennnates 
current  informatjon  pertinent  to  incroas ing  data  processing  in 
the  educat  i  on   fi  e 1  cL 


X  1  1  1  .  i;  .  i  J 


Aruriran   Data  1' rooos  s  i  m  o  ,   1  Jncl  I  ioor  Hook  Toko  r  ,   Detroit  Niicli- 
— ^'^--'f  yoar,  monthly,   Sd  |!aj;cs,  KCiicral  intorc-r.t. 

i'i:0(:i;ssnu 

.i'UL"       •-—^^»-Vi  CO:;  ,   SI  !    loiith  Strcol,  N.IV.  Washington,   D.C.  :ooo4 
.•  •  ;^  >eai-,  vvcoKly,    IC  pav^os,  general  interest. 

f.nii rkoNics  xi.'.vsi.i/i tir 

ivUitroiiics  Systems    1  n  t  e  rn  a  t  i  ona  i  ,       ■!  3  hMshiro   invd.,   I.os  An - 

»  •     ^-'(^^''OS.     i-ree  to  (luilificd  sui^scr  i  hers  .  monthly  , 
-  I>ai;es,   speejai    1 1)  t  e  res  t  -  cthiea  t  i  on  , 

.  i  Aoj-  AX\0(i\(:i;M;,X'i-  SLKVICi; 
Xat  lonal   Tooimieal    1  n  i-ornat  i  on  So  rv  i  ee  ,  ii.S.   Dv  in.  r  tmen  t   o  f  Co-n  ■ 

'-^   ^'^'f'^'-l-^  '^'^^  input  lnghli,;nts  selected   from  New  Govornjr.ent  To- 
searcl;  «.lcve  lopmen  t  re[)orts. 

hA:,ii.i  M:  riO\ TKLV 

naernat.onal   iKUa  Puhlishiui;  Co.,   P.O.    Aok   I,  Mew  t  onv  i  I  I  o  ,  Ma.  s , 

•  y';'ar,  ,:ionthiy,  8  pages,  markelia!-    inlelli.cnee  " 

on  ncK    1  iis  t  a  1  1  a  t  i  ons  .  " 

c;()\  l:RXMIiXT  i'ATA  SVSTi.MS  TS 

liiulvd  Business  I'uh  ]  i  cat  i  ons  ,  $(,  year,  hi -month  I  v,  40  pa-'os  con- 
tau.s  a  good  selection  of  general   interest'  artic'jcs,  covering 
current  comjuiter  usage.  ,       v  j 

SOrilKXMl^XT  RiiPORTS  iUilCAL  AXXOUXCliMhNTS 

Vat  ional   Technical    Information  Service,  U.S.   Oepartmont  of  Coii-- 
'■crc.:,   springlicia,  Virgi;-.ia     ZUSl.  year,  semi  -  mon  t  h  1  v  ,  H 

P-g<'-,   ar.stracLs  ol    recently  released  reports  resulting  from 
goverjnrent-sponsercd  research  and  deveiopmcnt  efforts. 

|i()NliV;;T,i,J,  (:;)MP(/Ti;R  JOURXAh 

\'"''T'''U''''''n'^^\''''^l-''''''  ^'^^'''^  ''^'^^•^^^•'^ing.  Division,  Kellcslcv 
^.1-.,  ^ass.     02181.     hroe.  quarterly,  54  pages,   technical  inteV- 
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.  :u>ni;yi\};I.i.  v.w  xiiusi.irrriiR  ** 

iioiieyuoll     Inc.,   Industry  Market  ini;,  on  Wnlnul  Street,  Wcllo^lev. 
•-'"1^1.     iToe,  monthly,  4  i)iiges,  tioiicral  intcM-osl. 

.IIOSl'riAI,/Mr.niCA!,  All'inMAi'UlN  HANMUUiOK 

A;:itM-;e;in  Data  P  rooi-:  s  i  t)i'. ,    liu:.  ,    l')S30  Mack  .^x'e.,  Dctrcit 
;  i5;;iir    ,18  2m-.     Slpo  year,   1,00(1  pn^c    loo^c-lonf  hvok  w  i  t  h 'uic'n  t  h  1  v 
U!Hlatin<A  strvice,  spoeial   i  n  t  e  res  t  -  mcd  i  en  1  . 

i  BM  (:iiMin)i  iNvi  Rt'pojrr  rs*^* 

.International   Business  Maehines  Corv .  ,   Data  Processing;  1>. vision, 
1  Kvv  i'.e.stehe..tor  Ave.  ,  White  Plains,  Xeu  York   lOoOl .  Iree 
issues  per  year ,    1  7  paj;os  .  attractive   formal,   approx.  half'or 
art  icles  non-technical  ,   IliM  hardware  and  software  usai;e  empha 
s  I  ;:od,  contains  several  outstandint;  articles  per   i^sue  that 
could  he  used   in  li  i  gl;   .school  , 

1  BM  HAT  A  l'n(l(.!:S.SOR 

International   Business  Machines  Corp.,   i^ata  Processin>'  Division, 

2J      ['ost  P.oad     Ahite  Plains,  .New  York     10601.     Free,  inonthlv 
.vl  pages  ,  genera!    interest.  ' 

IBV  JOUP.NAh  OV  RP.SHAiU:!!  r,  |}i;\'HI,OPMP..\'r 

International   Biisiness  Machines  .  orp.  ,  Ariiionk.   Xew  York  IDSOI 

b/..>0  year,  bi-,nonthly,   8-1  pai;es  ,   h  i  gh  1  v  teclm  i  ca  1  research' 
journal  .  '  .  . .  i  n 

1  r.M  SYSTI;MS  JOUR.YAh 

-iiUcrnational   Business  Machines  Corp.,   Armonk,  .Xck  York  lfl';01 
S.'  year,  quarterly,   88  pages,   special    uite  res  t  -  sys  terns  . 

IMIRl-ACf: 

Auervaek  Corp.,    i:i   N.    Ilroad  Street,   Philadelphia,  Pennsv  1  van  i  a  . 
lue  .0  qualiiieJ  subser  i  hers  ,  quarterly,  -I  pages,  general  inter- 

I.XTl.ii.\ATIO.\'AI,  .iOUR.XAL  Oi-'  COMPUTHR  MA  FJlfiMAT I CS 

Cordon  .(•,  Breach,  4-10  Park  Ave.   S.,  New  York     10016.  year 
quarterly,  108  pages,  technical  interest.  ^  ' 

n-.-TRODUCTroX  Ti)  C0.^IPUTIX(1  A.\f)  COMPUTHR  SCIKNCH 
JOUHNAl.  01'  COMPUTiiR  }]  SYSTliM  SCUiXChS 

Aradcinic.  Press.   Inc.,    11]   Fifth  Ave.,  New  York,  X.Y.  1000^ 
:^.l.^-year,  quarterly,  108  pages,  technical  interest. 

ERIC 
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(M-  i)AlA  i;!/iICAT!n\  IS 

•  'OuriKil   of  |)at  a  LducaMoii,    "0  IIjiumi,   Xortln'icia,   VcMMiiont  US{*03, 

to  Siil,  iniMiiho  i^s    (  S  1  2  duos],   S  i  0  ycai^ly  to   i  ns  (  i  tut  i  (Mis  ,  8 
issues  a  year,         pav;os  ,   s[)ocial    intL'i'osl,   coiuputors    la  odiu*a 
t  loi),   i)ro,;ra;]iiiu  no  om]>liasis,  articles  at  lott^  student  and  teaeiu-r 
•leve  1  .     .  . 

-'  iMJNAL  Oi'   i:inu;A  !  1  ONAl.  ilATA  Pld)i;i:sS  1  N(i 

Lduealiona]   SysUi:is  Lort>.,   l^ox   37  I  1  ,   (l^MU'^^e  t  o\vn  St  a  t  i  oi)  ,   Was  li 
i      V^^^^  *  :()()(^7.      S9  ycMr,   quarterly  /  M.^  .  si)eeial 

i  a  t  CM'es  t     -duca  t  i  on  , 

doiuNAAi  01  svsti:ms  manac];mi:nv 

■'^Ollli^M  n\:  Till;  ASSiU:iAr!A>\   Vi)\l  lA^MIMI  r  I  N(V  MA(  I ! !  Ni:RV 

Assoeialion   for  i'oihi^utin^  Maeliiiier)',   211    i  .    i3rd  Street,  AAn. 
'|ork,   A.V.      inoi'",      1  ree   to  ituantuM^s  ,   $  3i)   to  o  t  he  rs  ,  qua  r  t  e  r  1  v  , 
H'S  pa-es,   technical    i  n  t  e  res  t  ,   iiuicii   too  technieal    for  hivh  school 

'!A\Ai:i:v;,\  i"  coxtroi.s 

MlClU^i-l  \M  AM)  CtUMhRS 

iritchv^ock   Pub  1  ish  nu;  l.o.  ,   MitelK'ock   Building,,   Wheaton,  Illinois 
^^^^^^7.     S7!^  year,   3()U  i)age   loose-  leaf  book  witl^  inoiilhlv  updating 
service ,   general  interest. 

VioniiKN   DA  FA  ^^'i^ 

\!odern  Ihata  Services,    3  lockland  Ave       i' rami  n  gham ,  Mass.     0  17  0]. 
i  ree   to  quaMried  subscribers,   SIS  yeai'  to  othe  rs  ,  ntontii  ly  , 
sr^eciai    i  n  t  e  j'es  t  - 1  lan  agemen  t  ,   iiUerestino  news   a  r  t  i  c  ]  c  s  ,  new 
!-^'CAiuct  s  ,   'Avhat  hath  b  abb  a  ge  wro  u-h  t    ,  good   f  cw'  s  t  udont  d  is  cuss  i  on  . 

■      ^'SHMlV•S  (:'VIP(f'rhK   IXl)llS"rRY  SUU\'i:Y 

irrandon  A  piS]  i  ed  Sys  t  cms  ,    1  nc .  ,    1^00  Broadwav,   Xcw  York  ,  X.Y. 
liM)H).     :v]io  year,  monthly,  32  pages,  special   i ntc res t - nana^H- 

XiiWS  iib'l.hirnx 

P>nsiness  rAjuipment  Manufacturers  Association,   235  ]i.   42nd  Street, 
Xei,'  York,  X.Y.   10017.     Free  to  qualified  subscribers,  weekly,  (> 

Images,   [-enera]    interest.     '  ' 

;  :.       i'SOl^Sh'S  (OMIMJTJU  CllMPAXY     TS  .  - 

A:   ,  b- ople^;  fA'Mnputi  r  Company,   WO.   Box  310,  Menlo  Park,  Cal  .  O-l^OS. 
=     .   .$:^, year   for  students,   .<4   for  others,   S  issues  a  year,   24  paiu^s 
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iiov.spapor  form,  plenty  of  mod  art,-,ork,  pleiUv  of  I'asic  lan-ua'c 
progrnms,  delmitely  aimed  at   the  h\^\h  school   student.         "  ' 

I'i  kI  I'HIiRAJ.S  ivn.Kl.Y 

l.m;  Xows  Scrvu-cs.  3M  Tenth  Street  N  .  W .  ,  Wash  i  n>' t  on  ,  i).C.  '(Mint 
>yS  year,  weekly,    \b  pa;ie^  ,   sji.c  i  a  1  inirresl. 

i'^AC I  1  CM.  Mi;T, idiis  l  iiR  si:ii(ioi  ■'<* 

Automated.  Business  .'•>sU'ins  ,   Iiivision  of  j.ittoii   Indu-lrics,  oMO 
*Vashin,i;ton  Ave.  , Caristadt  ,  Xoh  .Jersey     0  7072.      i^roe,  .niartcrlv, 
■1  pages  ,  etlueat  i  on  .  ' 

ni)A!rr;:i;i,Y  JilBlJOGKAJMlV  ()F  COM!>irri:RS  ANP  data  PROCVHSWu 

Api)  1  iedConiputer  .U^seareh,   8900  X .   Cent  rrrl   A\e  .  ,   Suite  '08 
novinx,  Arizona     8.^020.     .S2;t.S0  vear,  quarterly,   .general  inter- 
C'  s  t  .  . 

Kf Al.  TlMr 


Contrnl   Data  Corp.,    SlOO   5Uh   Ave.,   S..   Minneapolis,  '  1  i  ,uie  ,  o  r 
iree,  bi-monthly,   8  pac;es,   i^MU' t  a  ]  interest. 

iu:iM«Hd^AiMii(s  ^,  i^NGi\fidn:a;  R!:(:ou:is  y:A:NA(ii;vLXi  : 

Neprograpliies  ,   7S0  Third  Ave .  ,   Xew  Vork,  X.V.      10017.     M  F  year 
iMonthly,   36  i.af.cs  ,   spoeia]    interest,   graphics  Jouraal.    '       '    '  ' 

SC,  n-,NTI  ri  C  f,  a;ONTR01.  COMPUTliR  R1  iTT-I  S 

Auerl.ack  Corp.,    1  2  I   X  .   Broad  St.,   I'l,  i  1  ado  I      i  a  ,   I'e  nnsv  ]  van  i  a 
10  11/       iMlii   initial   year,   S240  year  th-reafter,    loose-leaf  l,ook 
with  b)  ^month,)'  updntin.y  service  ,   tuiide  to  scientific  and  control 
coiiipute  rs  . 

.  SlMri.ATlOX 

Siiiuilation  Councils,  P.O.  Box  222S,  i,a  Jo  11  a,  Calif.  92307.  S2S 
:  yejir,  month!)-,   58  pages  ,  special    i  nt  eres  t  -  cojiiputcr  simulation. 

;SlfUILAT10N  (;A^1^XG  NliWS 

Simulation  earning  News,  Box  8S99,   Stanford  University,  Stanford 
(.a]i,.prnia    9450S.     $4  year,  5  tines  year,  newspaper' forrat  ](/ 
paps    iisuallv  contains  one  featured  game  at  c  I  cmen  tary  or  h  i  (^h  ■ 
school   level,  also  technical  information. 

SobiiVARi:  '    _    -  ■"  ■  ■  '  "■;  ;  v./;  .\ 

:.r}ii'A'''''^^r''^'^'''^'''^  ^'^t-^'f"^ock  Building,  IVhcaton,  Illinois 

OlU.b:/.     SH.S  year,  600  page  loose- loaf  hook  with  monthly  updntin" 
service,  special  interest-software. 

te'^''''"<i'^"l-s      '     :  mmM.Mr-  '  '  -  y    ^  ^  c    s  ::-y^^ 
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' i  iv,\i;i:  ** 

i'l       •  '^'wli  ,    10211  Clairch  S  t  .  .   Ia  ;inM  on ,    lllir.ni:-  Vr\^r  tc 

i  li  i.'l  si;|>s<- rihcrs  ,  Slii  vy:n-  Id  others,  b  i  i',on  t  h  i  v  ,  i  S  p.-i  >h-s  . 
i;<'no  1  ;i  t    i  t:  I   ros  t  .                                                                  '  '  " 

i;];sT' 


w  >      s  '   

1       .-.  t"  iS  ^ 


'■'.M-vicos  ,  I  1  ■[■onth  Stroet,  N.  Iv .  ,  Washiriitoji,  ]',{'. 
■  ■•>?.v  v'car,  weekly,   16  pages  ,\  jionovn  1  interest. 

DATA  AUTOMATION  RiiiHUn 


i!i  fortn;ii  ion  S]>e  t  r  ui  i ,    1  0  20  Kini-;  Ili^liwaN'  Nor  t  h  ,  Clie  rry  il  i  1  1 

--■w  .lor-^ev     OSn^l.      Sl'T.  ye;n',    1  oo:;  n  -  I  e:i  T  hook  ,   qiKi  rlcr]  y  imuI;!  I  i  ]ir 

•    rv'i  vH- .  rest  /perl  ormancc  dose ri  pi  i  ons  of  coinir.crc  i  al  ly  av;i'     ti  le" 


'  "'-P-.    121    N.    Broad  Si  .  ,   I'h  i  ladclpli  in  ,   I'enns v  1  van  i  a 
nntiaJ  year,   S75()  yc:\r  I  li  c  rea  f  l  ^  r  ,  Ino.sn-lcaf 
;ui>.KS  Mth   10  npJatins;     services  per  year,   appraisal   of"  today's 


n'  s )'   t  L'liis 

/-^YS  iTAiA-i-[nN  it:tti:]^ 


••^ys  tenia  t  ion,  Hox  730  ,  Colorado  Hp  rings  ,  ilolorado  S0')01.  <,'C' 
year  (includes  one  index  :iniuially,  three  hard  bound  rei"erenee 
nuiulhooks  ,  and  one  bonus  handbook  anruial  1  v)  ,  month  1  v  ,  6  oaccs 
:.;encral    interest.  '  /  >       i    i>  ■  > 


1  bCf!    i-  [  i,l;S 

"■i'-deiii  Pat  a  ,   3  Nock  land  Ave.  ,   Fran  i  ngham  ,  Mass.      1(1701.     The  re 
I'  Fi  le  sub  jeets  :      interactive  CRT  i)i  sp  lavs  ,  Printers 

N    i^-Cpriiilers  ,  .Minicomputer,  Pi  s  k/i)  run!  Memo  r  i  es  ,   Cassel  te- 
'  art  rid.v.e  Trans]M)rts,  OCR  f,  Mark  Readers  ,   Data  .Sets  f,  Mult  iplex- 
yrs_.  (.OM  iup,  ipmcnt ,   Key  -  to  .  Tape/ Disk  ,  Magnetic  Tape  Transports' 
..-.gita!   Plotters,  and  Tii^ie  Sharing.  Services  ,  :  Pach  Tech  File  is 
o>on  pe  r  year ,   loose -leaf  KLt!i  quarterly  updating  service. 

i'WO  BITS  WORTH  -aa 

ii.   i>.  Maynard  <\  Company,  Managcjuent  Scicjiee  Division,  718  Wallace 

monthly,  4  pages,  general 

F!M)ViTy  for;  MAN'AGHMF;NT  i:NGrXFhRS 

Morry  Rand  Corporat  i  on ,  UNIVAC  Division,    12!)()  Avenue  of  the 

.\rericas,  .\eK  York,  X.Y.   10019.       Free,  bi-monthly,  4  pages, 

i.tMiera  1   interest .  ^ 
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uTiii;R  i>i;iuojiii:Ai.s  wiMCii  (,)(h:asi(vcai.i,y  contain 

ARTlCUiS  Rr.LATI'.l)  TO  COMPli  I  I  NC, 

AMliUICAX  IMHU'ATIOX 

A?>ir.Rl  CAN  JOIIICNAI.  i^l'  IMIYSl  CS 

AF.rillMr.TlC  TliACIIi.R 

AUDIOV  ISIIAI.  LNSTRl.'CTiOX 

BIISIM'SS  KI-.l'.K 

Cl.i-ARINC  iioiisi:  ... 
CONTiiMI'ORARV  i'llVSICS  .  . 

CUKRi:XT  SCIiiXCi; 
DlSCIiirrr  MAITiliMAT  ICS 
RAR'lll  SCI  LNCi: 
iJliiCATION  (:a?;a!ia 
ii[T:(;TR{ici!i:M:(:Ai,  soi:ii;'i'v  j()ijr.NAi. 

!:i,i;CTRONlC  HN(;iNi:i  RINC 
hl,i;CTRONK;  NRWS 

!;i,i:cTRoxics 

RXCilMiUnXC,  CI.Oi.OCY 
1  XCI.ISli  ,)OURXAI 
MATllRMATiCS  •n:ACiii:R 
NATIOXS  SCflOORS 
SClinoi.  IJIJRARII-S 
SCIIOOJ,  MANAGIiMtiXT 

sciiixcj; 

scirxri i-ic  ami:r[ca\' 
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SKCTION  C:     NONPKLNT  MA'irRl  A! .:; 

Nonpri.nt  matetials  aro  materials  which  aro  prii-urily  visual   in  nituro. 
'Dxcy  art^  usually  projocti'd  rather  tluui  pruaod.     Som..  coriiridor  [  i  i  nt:i'd  laa- 
torialr?  that,  are  lormod  i  nlo  t  ransparoiu-i.ej;  aivl  proj^^ctrd  to  ))o  nonorUM 
r.iar.ofiai.     Any  add  1 1  ic^nr\  i  manorial  wlii -I  i  shows  the  workirrj  parts,  j.i]^:-^ 
tratos,  or  can  be  manipulatod,  other  tljiii  book;^  would  ho  coiviidctod  non- 
pruit  matorial.     Some  examples  of  noiiprint:  nalor ialr-;  would  include:  filrnM, 
film  strips,  audio  tcipos,  video  tapes,   ri  In  loops,   t rannparoncios ,  slido:^ 
computer  delivered  materials,  chart:>,  qra:<hs,  and  manipula t i vo  aids. 

An  oxcellont  catalog  of  nonurint  materi<Us  can  bo  obtaine<i  from  Mr. 
mm  vJoaos  at  rri^IS.     The  followmq   i:;  a  do:jc  r  ir>t.  i , m  oi    that  ontaltni. 

is  a  hihiioqraphy  of  .  non-books  mat-ri.Us   for  t^'aclu^rs    in  all    ir-vols  of  !>uj.- 
lic  instruction.     Kvory  toacher,  whothor  uiuAn:  s  -lioo  1  ut:  t:ol]oj,.,  v/i  1! 
find  some  audio-visual  matorials  li^tod  in  this  catalo)  to  bo  of  use  ni 
their  instruction . 

Nearly  200  items  are  alphahoti call y  arranged  (by  title)  displaying  tyoo 
of  material,  and  other  annotative  information-     A  four  letter  code  indicates 
whore  the  material  may  be  obtained.      lI^o  code  is  keyed  to  a  source  list  with 
addresses.     The  alphabetical  listing        materials  is  indexed  by  subject 
hioadinqs  and  is  cross  referenced. 

Items  in  the  catalog  have  been  culled  from  computer  vendor  materials, 
professional  association  biblioqraphies,  and  Oregon  instructional  materials 
centers.     (^:o  price  quotation  is  available  at  this  timo,) 

Copies  of  the  catalog  may  be  obtained  by  writing: 
Ben  Jones 

Supervisor^   Instructional  l^ervices^^  ^  .     .  . 


Mil  I  ! 
;^!;c'ri. '.V  i);    pi,A( .■/;:;  tm  visrr 

This  .icc-tion  lists  both  i)l.aco;:  for  the  to.uhor  and  tno  studonLs 

toachorn  to  visit  a,v  iiwolvod        ccuaputor  o<Jucm:on. 
Placo«  tor  ntudont£5  to  visit  arc  i^Mitablo  for  fiold  trips. 

.       It        rocooMi.nci  that  this  lis,-  is  not  oxiiausttvo.     so,.o  irm^ortant 
place,  may  havo  been  overlooked,   if  .o  we  both  want  to  offor  our  apolocry 
and  wo  would  Mko  to  bo  notified  of  this  o;nr.s.on  so  that  it  can  he  ror- 
roc tod  in  the  Future, 


When  a  toadior  i  ^5  con  ; idcrinq  f.he  dov 
corputt^r  f^ro^tvutu^unq,  or  computer  ILter.jcv 
a  3ir:uiar  ccursc  in  actual  operation,  jhi 
clue  to  wK-ro  activity  is  occur mg,  and  \<h 
special  internet, 

PROGRAM  ^rv^n 


'lopmont  oi  a  comt^utor  scionco, 
course   it  can  be  holnful   to  sv. 
>  P  It    IS  ( i  o  i  t  i  n  o  d  t  o  ^  /  i  W  v  o  \  i 
■ro  you  miqht  yo  to  :h-o  thin^js 


Benson  High  School 
Mr.   Carl  Bryson 
J'ort:  land^  Ororjon 

Kex  Put nan  High  School 
Mr.  Wally  Roqolstad 
Hilvaukio,  Oregon 

Willariotto  Hiqh  School 
Mr,    Hi  11  Best 
■  ■   .  i^-igeno;  Oregon 

Wilson  High  School 
M.r .  Jog  Brigatto 
,     i'ortland,  Oregon  . 

Newport  High  School 
Mr*  Dave  Donpster 
Newport,  Oregon 


AslHand  llujli  School 
Mr.   Keitli  Oarrett 
Ash]  .mn,  ^H-cgon 

^V'nioiinial   iligh  Sciioo] 

C>t>sham,  crogon 

Keynolds  High  School 
Mr.   Karl  rhillips 
Troutdalo,  Oregon 

oa:a  Barlo'-v  high  School 
i'lr,  Dave  Duboso 
. Gresham,  Oregon 


McMinviUo  High  School 
:,Mr*-:BLll  Peterson 
McMinviUe,  Oregon 


\.'ini}  Coriinuaity  ^'::o]  1  Ovji:' 


Mount   Uood  C'oiiuiuinity  CuJ  loae 
IT.  Diano 

Vultnonih  Ccu  ^ty  l\'V> 

^^rcqon  Mi:seun\  of  Scierico  ar.d  la"'- 

Mr.   Rusty     \  1 1  n^iy 
Portland,   Ore;; on 

Orcfjc^n  ::tarf:^  i*n  Lvorslty 

nr.   i:d  Afidorson,   Jo  Ann  l5a\i'j[i:naa 


1  'ijij'jno ,  r>ro<:on 

l^c<J^:o  Va  !. ii^y  (^jiur  n.  1    on  f^omj^uter 

Kduc  at  ion  v-  - 

Mj  .   K;M  th  Grirrr  t.  L" 
AGhl..?icl  High  r:^<'hO' J 

UnJ-Vorsily  of  Orouon 
Dr.   Ddvid  Mouisur^d 
KiKjGiie,  Oregon 


Tho   tollov'ina  is  a  list,  of  some   i.nt^restiintj  pluces  for  ^  student  t< 
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CvnUact  locril  offico 

/nt'^rntj t i onal  hur, incss  lyachm^^fi^ 
PortJaad,  Orocjoji 

Oek t:ri'),>  i  X  ■      ^.        ■  ■" 

;:o:j:Sfj'iold  ^■'ina''i;;G---I.,<";an  Oo,  /. 
I'':  igcno ,  Oroqon 

'"'s<,:^jc,ij  I'otal   Tnroi'n:ai-ion  System 
i'XiqtjiK-  f   'Oregon  ■ .-  •.   .  . 

^Horinoviiio  Pover  Administration 
Portlaru],  Oregon 


State  Hopartrucnt  ot  ].ar)or  . 
^aioin  Oregon 

Oregon  Mu  euni  of  Science  and  Industr 
Portland,  Orofjnn 


Kultnomeih  County  IKD 
Portland^  Oregon 

University  of  Oi:t.Hjon'-"-Ka'-^one 

South-rn  Oregon  ColJov^e 
Ashland,  Oregon 

0  United  Air  Lines 
Portland 


IMis  :'at  iona  ]   use?  of  ::om]>ut.  orii  ifi   f.^irjv  ^cl.  1  iiovc:lk);ed  in  '')roqon  i  s  i  ih 
Sv'hoois.     A  ;uun}ior  of  po'):)ln  havo  cU  n »  t  r:Min  ^itu^;]  Mii        1  vof^  m  tliin  aovf^Lfw  - 
:'.o:;t:.     ^rh^?  following   lif^l:;  f;omo  of  tiie  -^-^y  |n,h»i>1o  who  current  Iv  uVciil- 

■'  putor-;'  in  education  such  a:-;  Judy  K.iward:^,   lK)n  l-^K^n-'iqo  1    ir.d  Jim  N'ori  i->r; ,  havr* 
^rono  to  vruk  1:5  other  staters. 

riio  peoplo  01^  this  lit't  woi'e  sclO':  tfNl  i^vviusi'  tlu^y  hav--  hoo!i  nv/olv5?  i 
Ui  ;_:o:nputi-*r  t^hucat  i  C!i  foz'  nanv  yoars ,  Lvrrr  rccor:ra  1  o  i-iors  In  t  his  fio  hi 
an'i  are  oxoollejit  sources  of  aJdit;ional    i  nforr-vit;  io:^ . 

3:'e]:>artr'if>nt  of^:onn)ut;er  ScioiU'f' 
University  of  Oreqon 

KEi  Hi  GARRKTT 

Ashland  Hiqh  ^'chool 
A^-^hland,  Oreaon 

■  MM  KKhhKV 
■  .  ■      '  .  ConiHitcr  Center 

.^'outhorn  Oregon  Colloq^' 
Ashland,  Oregon 

DAvin  MC'PHSir;:D 

r)epartr':t' nt  of  Con^putv;:-  ^■■'riyjiu:^' 
-^nivrrsity  of  i/re:]C;i 

■  MTrh 

"Lane  County  Jl^D 
■    huaene^  Oreaon 

JACK  SLIMGKRI^^rJD 

Multnomah  County  IhD 
■  .■ .  .Portl£ind,  Oro'jon  , 

^>rago!^»  Muscun  of  Science  and  Fndubtry 

i^- [.■'■:■■■  i'k-  ■        ■■/■..■^>ott  land,  -  Oregon 

A  list  of  Oreg^^ri  educators  involved  in  corr.puter  education  can  be  oh-- 
tained  by  joining  the  OR>:gO:I  COiJT>'CIL  FOR  COMPUTFR  BrXK:ATTON   (rX'CK)  .  Write 
tot     Oreqon  Council  for  Computer  iNducatLon;  401P>  3, Canyon  Road,  Portland, 
Oregon  97221 


111  in  Jicct  i.on  corvtainii  the  ndinoii  atul  .pldrefiain;  of  major  ctMntmt  oi -oriucM- 
tion  pro  joctrv.     it  Inclwcio^;  aocLiour.  o!\;     vrol  le  io  i^poa    M'od  coni>o rt : u)- ^ 
area  lichno]   diiUi  ict  r>tK ;n:jo rod  coiiSorl.  iuin.s  ,   school  5^ponsof«!d  coMsori  iur's  ^ 

rh  is  i  i\  C( ■  nna  t  ion  w.is  obi  alri^d  ii^  P--i  J^-  f  r^  'in  **'r!io  ihu^  of  ^"^^^^  ■'^^tj^- i^v 
l_ni^  tj:\i;rt  iori^  J  n  -•■ecoiular^  -chop  Is",   Worron  <^  .   K^:-  *h,   N^itional  AssocLui  >n  or 
Hoc:)P(iary  Srluol  Principal-5,    1201   i^ixtovni--h  Str-njL,  i-:.  W.,  WashMviton, 

PittsbvKqh,   Pa,      lS2i  :i 

University  of  HIkkI-  I:-Uand 
William  !ioi-r- oivlo ,  DirocL^'^r 
Kingston,    R.I.  02(iSl 


Jack  Allen,   0 l roc tor 

Box  1G6S7 

P  f )  r  1 1  a  n  d ,   Ox o g  o  n 

OTl,:;^   (Orc^gon  Total  Infornation  ::;y^5toPi) 
Bo"o  1  HIS  Q  rn-,  o  r i-y-' ,  D i  r 0  c  to  r 
34  5  40th 
Kuaene,  Oregon 

rr-::-'   (Total    Infoniu^tion  for  Educational  Systems) 
Tnoinas  Campbell,  Director 
102^rV;.  County  Road  13-2 
St.   Paul,  Minn.  55113 

Region  IV  P^ducation  Sor^/icc  Center 
T.       giandcock/  Director 
Houston,  Texas  770Q2 

LOCAL  :-. 

Robert  Eiaven/  Director 
.44  School  Htreet 
Wostwooci,  iMass.  02090 


er|c 


I.lKlv'.^   (llu^  l,i.>rM  Island  Ko^jional    1  nstruct.  iona  I  co-ainjt.er  '  ystetn) 

i  7  Wv-; t  ;  1 1  ru '  Avonue 
:mv  lii  L  !s,         V,    11  7^10 

'  W  I : II  ■lu*^;  to  r  AVt'Tiue 
Atwi  lan.i,    Ky .  41101 

:u.iitn   Tv-^rtlancl,    ( Mc  .  )    lliqh  :"chriol 

'\n\.  Wat<' rhous !' 

^>^7  nivjlilaiid  AvetiUj 

.;:>ut:h  Pc'Ttland,   Me.  0410^- 

<  r /  r ;  o   ( r ; .  J  J     X>  n  ^ ;  (3  r  t-  i  u 

Wayr->  fi  i  I  ]  s  iii^/h  Sci^-Kd 
.•;avr;r»,   r>.   j;     0  7470 

Vd  a:;    (i-a'oqran   for  LoLirriinq   in  Accordanct*  wi  th  Noo.-l>d 
W»':--;t  i  MqiK.->uso  :  ,0:"irni  nyi  Corpora  t.  ion 
Wypktn 

Wu  1  trtan,   Mass         154  . 

rirne  .did  re  Corporatdon 
!i^lnovor ,   N  .   H  .     03 7 S:: 


i.dI)U'A.JM 

f  'Jiiald  Arnold,  rdrocdor 
-vatoriorr]  i 'own ship  school  District 
1. 3  J ' .  c:  r  e  s  c  o  n  t  ha  K  e  l^.o  a  d 
Js>nt  i.ac,   Mich  .  48054 

V/ 1. 1 1 1  am  M .   Richardson  ,   Di  rector 
Adh'Ort  f-dnstoin  High  School 
11135  Novvport  Mill  Road 
r:cnsinqton,   Md.  2070S 

CATIIR 

Kicharddlaskoil,  Director 
Dawnwood  Junior  High  School 
CenLorrcaeh,   hong  Island/  N.Y.  11720 


erJc 


X  I  I.  i  J\  J 


P^ii  lade]  phia  (Pa,  )   Si-liool  Sy^^ton 
Sylvia  Ch^rp,  fxii*ector 
Philadelphia  School  District 
Ph  i 1  ado  I ph  v a ,  Pa .     191 0  4 

Buffalo,   N.  V. 

^^.obort  :-;ant.iu:'i 

^  "oi'Uv.it  e  V  Sc  i'-*n -..>:}  1  \  m  w  rt  .iiV.Mit. 

Mutch  inson  f'ontra]    Tochiiivjal  Hiqh  .^;ho(.)l 

^^■>M  South  Klirtv;ood  Ave. 

Hal  f         low  Hi] 

I ;  >  r  a  r  *  i  ]  ^  u  f  k  < ,   Hire  c  :  t  -  v 

Halt   lioilow  Hill^     High  School 

yajid('rbi]t  Parkway 
nix  Hills,   N.   V.  11746 

RKACT   (  Relevant  Ikiucational  A}/[5 1  i  ca  t  i  ens  of  CoinDUit.^r  'fV  ^chnolrv/y ) 
Dirk  hyncli 

.   W.   Second  Avenue 
I'ortland,  Oregon 

^I'here  i.^^  no  completi^  source  ol  on-qo  i  nq  ;  roj  c -i  m,    .     Ad(.]  j  t :  on  m  1  inform<i- 
tinn  can  bo  obta.VMed  from  r;ation.Aj       s^^c  i.  a  l  i  vsn  <^  r   ::»KOhr]iry  Sr'lu.ol   Prm  i- 
pals,   COTrirni  1 1  CO  on  !:duca  t  ional  'I'edino  loqy  /    1.^01  :'ixt<;erith  Street,   N.  v;.  , 
Wash  mtj ton,   D.  c:.     2003 C-^ 


ERiC 


